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PREFACE 


This book is intended for use by pupils from age 13 to 16, 
whether or not they have already taken an introductory course 
of General Science such as that given in the first two books 
of this series. It covers the examination requirements of the 
chemistry part of the General Science syllabuses of all the 
Examining bodies at Ordinary level, both for one and for two 
passes. Although designed as one of a series of five books 
it may be used independently of the others. 

We hope that the design of the book, with its emphasis on 
experiments to be done by the pupils, w ill give an insight into 
scientific method as well as into scientific facts. We have tried 
to make the writing of the book clear and straightforward. 
We also hope that the book will interest some pupils enough 
to cause them to take a serious interest in Science. 

We acknowledge our debt of gratitude to our own teachers 
of chemistry at school and university, for inspiration as well 
as knowledge. We wish especially to thank the Callow Rock 
Lime Co., Mrs. Hutton, Mr. R. Langdon, B.Sc., of Elmhurst 
Grammar School, Street, Somerset, for special photos, the 
N.V. Kon Mij De Schelde for the pictures of the use at sea 
of aluminium alloys, and Mrs. Hutton for preparing the index. 
The Examining bodies of Cambridge, London, Oxford and 
Wales and the Northern Joint Board have helped by permitting 
us to include questions from their more recent examination 
papers. 

Kenneth Hutton 
A. Swallow 
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CHEMISTRY—AND YOU 


Chemistry is the study of the composition of matter. In 
your body, the clothes you wear, the food you eat and the 
everyday things you use there are innumerable substances. 
These vary from the very simple to the most complex. Most 
of them are compounds containing carbon, and since there are 
so many carbon compounds in living organisms, the study 
of such compounds is known as ORGANIC CHEMISTRY. 
The study of substances which contain no carbon is known 
as INORGANIC CHEMISTRY. 


About 60 per cent of the weight of your body is water, that 
simple, useful and ubiquitous compound of hydrogen and 
oxygen. Most people know that the formula HoO represents 
water. In the gastric juice of the stomach there is between 
0-4 and 0-5 per cent of hydrochloric acid (HCl) and common 
salt is one of the constituents of blood. The bones of the 
skeleton and the teeth need calcium compounds to make them 
strong and the problems which are presented by the assimilation 
of calcium are by no means solved. 

Among the foods we eat are substances belonging to the 
groups called carbohydratesy proteins and fats. As the names 
imply, carbohydrates contain carbon, hydrogen and oxygen. 
The two latter are in the same proportion as in water. Glu¬ 
cose, a simple soluble sugar, has the formula CgHigOs and 
the molecular weight is 180. Cane sugar has the formula 

C 12 H 22 OH and starch possibly has the formula CeooHioooOaoo 
although many people still think of this formula as (CgHioOs),,. 
A large part of our food, perhaps too large a part for good 
health, consists of starch, and since starch is insoluble it has to 


be converted into soluble glucose by enzymes secreted by the 
digestive system. Proteins contain nitrogen and sulphur in 
addition to these three elements, and whereas carbohydrates 
are typical plant products, proteins are associated with animals. 


When they putrefy, the nitrogenous and sulphurous gases 
released produce the characteristic odour of decay. Amon» 
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these gases is the schoolboy’s favourite perfume, sulphuretted 
hydrogen (HgS). There is a great deal still to be learned about 
proteins but we do know that the molecules of proteins are 
enormous aggregations of atoms, and there is reason to sup¬ 
pose that the molecular weight is in the region of 68 , 000 . 
Some idea of the size of these molecules is given below, 
although no microscope can reveal this to our eyes. The 
evidence on which the sketch is based is indirect. For com¬ 
parison, the molecular weight of water is 18 and that of cane- 
sugar 342. 

The paper on which this is printed, Uke many of your gar¬ 
ments, consists mainly of a complex plant carbohydrate known 
as cellulose. The molecule of cellulose is large and possibly 
has the formula (CgHioO 5 ) 1000 - The human digestive system 
cannot cope with it, for it resists the action of air, water and 
maceration admirably. A good cotton garment will last a long 
time and even schoolboys often outgrow their clothes if these 
are of good quality. Fortunately for humans, cows, rabbits 
and other ruminants and rodents can digest it with the help of 
bacteria and build it into proteins, which we can then utilise. 

There are many other classes of substances in our bodies 
which have only been discovered in the twentieth century; 
things such as vitamins, enzymes and hormones. We are 
steadily learning more and more about them, but there are vast 
tracts of territory still to be explored in the world of science. 
Chemistry is, as it were, one country in the world of know¬ 
ledge, and just as men are learning that no country can be 
independent of the others, so the scientists have discovered 
that chemistry links up with many other branches of know¬ 
ledge. This book is intended to give its readers and students 
a glimpse of the subject, and its authors hope that it will 
generate an appetite for more. 



DIMENSIONS OF MICROSCOPIC OBJECTS 

COMPARED 


A red blood corpuscle 
easily seen under a microscope 
is represented by this large circle 


The straight line represents the micron, 
the unit of length used by microscopists, 
which is one thousandth of a millimetre 


The largest protein molecule there is, on 
the same scale, looks like this central dot. 
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CHAPTER 1 


WHAT IS THIS SUBJECT CALLED CHEMISTRY ? 

When we suck a boiled sweet, a host of interesting changes 
takes place inside us. The sugar dissolves in our saliva, goes 
through the stomach and intestines, and enters the blood. 
The sugar dissolved in the blood then undergoes a chemical 
change and turns into new substances, carbon dioxide and 
water, which are breathed out from the lungs. The result of 
all this is that we get energy to move about and to keep our¬ 
selves warm. The measurement of this energy in calories is 
dealt with in physics, and the muscular movements made 
possible by the energy in biology. 

In the same sort of way, when a tap is turned on, the pressure 
of the water is measured in physics ; the nature of the dis¬ 
solved substances, which make the water hard by reacting with 
soap, is a matter for the attention of the chemist; the germs 
which are carefully killed by the water authority are capable of 
causing profound biological changes such as illness or death. 

PHYSICAL PROPERTIES 

Experiment 1. To examine, and record, the physical properties of 
some common materials. 

Half-fill a test-tube with water from the tap. 

Write in your record-book your observations of the following 
properties :— 

Appearance (whether solid, liquid or gas, and colour). 

Feel. 

Smell. 

Taste. 

Sound made as the tube fills. 

Repeat your observations with methylated spirit or paraffin, and 
with flowers of sulphur. 

NOTE. When smelling an unknown substance, wave the smell 
towards your nose with your hand, in case the smell is powerful 
and/or unpleasant, and sniff gently at first. Similarly, when 
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tasting, put a drop of liquid on the tip of your finger and touch 
the tip of your tongue with it, spit it out and rinse the mouth 
with water. DO NOT TASTE anything unless you have been 
told to do so. 

A complete description of a substance states whether it is 
a solid, liquid or gas, its colour and its smell. It goes on to 
state its density or specific gravity, its boiling point and melting 
point, its solubility in water or other liquids and any other 
useful physical feature. For instance, sulphur is said to be a 
yellow, odourless solid with no characteristic taste. Sulphuric 
acid is a heavy, oily liquid with no colour or smell. It would 
be exceedingly dangerous to taste. 

Noises are made only by gases, for example, by the air 
which escaped when the test-tube was filled with water. The 
“ feel ” of a substance is made up of a number of sensations— 
temperature, wetness, roughness, hardness, etc. 

Experiment 2. To determine some common freezing points. 

Make a freezing mixture in a 100-ml. beaker in one of the following 
ways : 

id) Mix some crushed ice with about one-tenth its bulk of common 
salt. 

ib) Add to crushed ice a few grams of ammonium nitrate and some 
water. 

Stir carefully with a thermometer and observe that the tem¬ 
perature reached is well below 0° C. or 32° F. It should be in 
the neighbourhood of — 15 to — 18° C. 

Plunge a test-tube with not less than 2 mis. of water well into 
the freezing mixture, rinse and dry the thermometer and place it 
in the water in the test-tube, noting the temperature at which the 
mercury in the thermometer remains steady for three minutes. If 
you are fortunate, you may see the water freeze. This temperature 
is the MELTING point of ice or the FREEZING point of 
water. 

Do the same with pure (“ glacial ”) acetic acid, which is the acid 
contained in all vinegars. This often turns solid in winter, as its 
temperature for freezing is about 16° C. 

Can you freeze methylated spirits with your freezing mixtures ? 
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Experiment 3. To measure the melting points of some common 
metals. 

As raw material for this experiment collect tooth-paste tubes, 
artists’ colour tubes, scrap lead piping, old lead soldiers, etc. 
Support a 50-ml. nickel crucible (M.P. 1452° C.) on a silica triangle 
on an iron tripod, put in some scrap, and heat until the metal 
melts. Then lift the crucible with metal tongs and pour the molten 
metal into a porcelain dish standing on an asbestos sheet. If the 



metal melts easily, put the bulb of a thermometer very cautiously 
into the molten metal and try to obtain a steady reading. If nickel 
crucibles are not available, use the lids of cocoa tins. 

.. temperatures on the chart in Fig. 1, the need 
for caution will be obvious. 

are constant and give 
much help m identifying them. Other physical properties you 

may have measured are BOILING POINTS and SPECIFIC 
GRAVITY. 

The simplest test for finding whether a person is fit to give 
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blood for transfusion is to measure the density of the blood ; 
if enough red cells are present a drop of blood will sink in a 
copper sulphate solution of density 1*052 gms. per millilitre. 

Physical properties may also be used to separate minerals 
from impurities. Coal is mixed with much unwanted rock and 
stone when mined. Powerful jets of water are used to wash 
away the coal (Sp. Gr. 1 *5) leaving behind the heavier impurities 
such as pyrites (Sp. Gr. 5*0). If pyrites is left in coal, it burns 
to give the objectionable gas sulphur dioxide, which pollutes 
air, killing plants and damaging stonework. 

CHEMICAL PROPERTIES 

Sometimes there is no doubt that a chemical change has 
occurred. In the three experiments which follow, chemical 
changes are illustrated, and contrasted with physical changes. 

Experiment 4. To contrast chemical and physical changes when a 
candle burns. 

(a) Put a lighted match to the wick of a candle. Holding a sheet 
of white paper with both hands, draw the paper slowly through 
the candle flame, but not so slowly that the paper ignites. 
What is deposited on the paper ? What is happening to the 
candle ? Can you turn soot into candle-wax again ? 

(b) Hold a lighted match close to, but not touching, the bottom 
of a candle. Rest a sheet of paper on the bench below the 
match and candle. What is happening to the candle ? What 
is the material on the paper ? Are the waxen drops different 
in any way from the wax of the candle ? 

Experiment 5. To illustrate chemical and physical changes with 
washing soda. 

Put four small crystals of washing soda (sodium carbonate) into 
each of two test-tubes ; half-fill tube A with distilled water, shake, 
and warm gently. 

Half-fill tube B with dilute hydrochloric acid, shake, and warm 
gently. 

When no further change takes place, pour the contents of each 
tube into an evaporating basin and heat over a water-bath until 
no liquid is left in the basin. (A water-bath is any vessel filled 
with boiling water to heat another vessel slowly ; a beaker, or an 
iron pan, or a treacle-tin will serve.) 
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Taste the products of each tube. What material is produced from 
tube B ? 

Add a little dilute sulphuric acid to each product. Which effer¬ 
vesces ? Is either product sodium carbonate still ? Which one 
is it? 



Liquid in 
evaporating dish 

Steam 

Vessel of boiling water 
(preferably metal) 

Iron tripod 

Source of heat such as 
bunsen burner 


Fig. 2.—Evaporating a liquid over a water-bath 


Experiment 6. To observe a striking chemical change when iron 
and sulphur are heated together. 

Place small heaps of iron filings and of flowers of sulphur on 

sheets of clean paper and test small quantities of each material 
as follows : 

(a) Move a magnet about under the sheet of paper. It is unwise 
to dip the magnet into the material as the small grains are not 
easy to detach. 

(b) Put a small pinch of each into a roaring bunsen flame. 

(c) Add a little dilute sulphuric acid to each in a test-tube. 
id) Heat a little of each material in a test-tube. 

(c) Shake up a little of each in a test-tube with some carbon 

tetrachloride. Pour the contents of the tube into a fluted filter 

and catch the filtrate in a porcelain dish. Leave this in a warm 
dry place. 

if) Examine a few grains of each under a low-power microscope. 

Next mix together one volume of iron with two volumes of sulphur. 
The measurement of the volumes need not be exact. Can you 
move all this mixture with a magnet ? Will all of it dissolve in 
sulphuric acid or in carbon tetrachloride ? Can you distinguish 
iron and sulphur particles under the microscope ? 

Now heat about half a test-tube of the mixture in a hot bunsen 
flame, with the flame touching only the bottom of the tube. When 
an action starts in the tube, withdraw it from the flame. Let the 
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contents cool, remove the clinker by breaking the tube, and crush 
the clinker in a mortar. 

Examine the powdered clinker by the tests (a) to if) above. 

Is there any iron in it ? Is there any sulphur ? Is there much new 

material ? Can you detect differences under the microscope ? 

What gas is evolved on adding dilute sulphuric acid to the powder ? 
Is it the same gas as before ? 

From these experiments it is possible to deduce what is meant 
by physical change and by chemical change. The notions 
involved are not simple, and you must think about them care¬ 
fully. The table given here will help you to grasp the ideas. 


CHEMICAL CHANGES 

PHYSICAL CHANGES 

1. A new substance or substances 
always formed. 

1 

j 

1. No new substance is ever 

formed. . 

' 1 

1 

i ^ 

2. Heat is very often involved in 
the change, being either ab¬ 
sorbed or produced. 

1 

i 2. Very little heat is given out or 
taken in. 

r 

J 

1 

1 

3. It is difficult to reverse the 
action and obtain the original i 
substance/s. 

The change is permanent. j 

3. It is usually easy to reverse the ' 
change, simply by reversing the | 
conditions, e.g. temperature. : 

The change is temporary. ! 

1 

1 • “ ' ) 

4. Frequently there appears to be ' 
a change in weight. 

4. There is never a change in 
weight. 




THINGS TO REMEMBER 


1. The study of the composition of materials and substances is 
known as chemistry. 

2. Scientific knowledge, including knowledge of chemistry, is gained 
by experiment, observation and deduction. 

3. During chemical changes new substances are produced. 

4. Chemical changes are difficult to reverse. 


QUESTIONS ON CHAPTER 1 

1. Decide which of the following changes are chemical and which 
physical, and state reasons : 

Burning paper. 

Boiling an egg. 

Drying paint. 

Making jelly. 

Eradicating ink-stains with bleaching powder. 

Cleaning buttons with Brasso, 

Melting ice. 

Dissolving soap in soft water. 

Dissolving soap in hard water. 

2. If sulphur is heated in a deep dish until molten, then allowed to 

cool, the crust broken as soon as formed, and the liquid contents 

poured out, the interior is seen to be lined with long needle-like 
crystals. 

When sulphur is shaken with carbon tetrachloride and the solu¬ 
tion is allowed to evaporate, lozenge-shaped crystals are left. 

What is your opinion on the following queries, and on what 
reasoning are your opinions based: 

(a) Are the two processes described chemical or physical, 

{b) How would you demonstrate that the two substances i-e 
chemically similar, 

(c) What properties of the two kinds of sulphur are different ? 

7 
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3. In what respects is the dissolving of common salt in water dif¬ 
ferent from the “ dissolving ” of zinc in hydrochloric acid ? 
When powdered blackboard chalk is put into water it does not 
disappear. 

Describe in detail an experiment by which you could find out 
whether any of it had, in fact, dissolved in the water. 

How can you account for the use of (1) methylated spirit for 
making lacquers, (2) petrol for cleaning clothes ? 

(Cambridge Gen. Sci., Dec. 1951) 

4. State four characteristics of typical chemical reaction. 

A large strip of copper-foil, heated in a bunsen flame, becomes 
covered with a black coating ; describe an experiment by which 
you could show that the black coating was copper oxide. 

(Oxford Gen. Sci., July 1950) 

5. In what ways does the “ dissolving ” of zinc in dilute sulphuric 
acid differ from the dissolving of common salt in water ? 
Describe in detail how you would 

(a) obtain specimens of the substances formed in the first 
case, and 

(b) recover dry common salt in the second instance. 

(London Gen. Sci., Summer 1953) 



CHAPTER 2 


BURNING, BREATHING AND RUSTING 

The three familiar processes that form the heading to this 
chapter are very closely linked. We are going to investigate 
carefully just what goes on in these processes, and as we do 
so the link will become apparent. 

Here is a series of experiments which will help us to find out 

what happens to a substance when it burns. You will notice 

that every step in the process of finding out is explained 

in some detail in order to demonstrate the SCIENTIFIC 

METHOD ; one of the most important things to notice is 
the part that exact weighing plays. 

The mastery of fire was one ot the first achievements that 
distinguished man from other animals, and from the beginning 
man has been understandably curious about it. All sorts of 
theories were put forward to account for burning, but the 
truth was not known until nearly the end of the eighteenth 
century. This was partly because methods of investigation 
were handicapped by inadequate apparatus. 

Our problem is to find out what happens when anything burns. 

THE FIRST STEP IN THE SCIENTIFIC METHOD IS 
TO ASCERTAIN THE FACTS 

Experiment 7. To find whether burning a candle causes a change 
ui weight. 

Weigh a small candle such as is used for birthday cakes on a flat 
cork. 

Burn it for a few minutes, noting the time. 

^t different members of the class use different periods of time. 
Weigh It again. How do you explain the change in weight ? 
Can you suggest how to test your explanation ? 
n science we try to seek explanations which hold good for many 
itterent observations. It is dangerous to generalise from only one 
^ample, like saying, “ It always rains on Monday ” after one wet 
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So we must see whether other substances behave like a candle when 
they burn. 

Experiment 8. To test whether burning substances always change 
in weight. 

Weigh a small porcelain dish or crucible. (Why not use a tin lid ?) 
Weigh it again with a suitable quantity of coal, coke, wood, paper, 
sulphur, paraffin or alcohol. Support the vessel on a triangle on 
a tripod and heat so as to ignite the combustible material. When 
no further change is seen, cool and re-weigh. 

Write a record of the most important observations, or would it 
be better to write a record of all your observations ? 

Write your inference after this ; that is, try to explain the observa¬ 
tions. 

We can now try to state an experimental LAW, i.e. a sum¬ 
mary of the facts ; “ When any substance burns, it loses 
weight.” An experimental law is merely an attempt to state 
briefly a method of natural behaviour. If we ever discover 
that such a law is “ broken ” or disobeyed, then the law 
must be altered. A good way to test this law will be to find 
whether it applies to unusual cases such as the burning of 
metals. Have we got all the facts yet ? 

Experiment 9. To find whether steel loses weight when it burns. 
Weigh a piece of steel wool, such as “ Brillo ” used for cleaning 
saucepans. Pull it out straight so as to form a piece about a foot 
in length. Hold it vertically over a large sheet of paper and light 
the lower end. Blow on the parts that are burning, and collect 
all the residual pieces. 

Experiment 10. To find whether magnesium loses weight when it 
bums. 

Weigh a porcelain crucible. Add about 0-2 gm. magnesium ribbon 
(used for photographic flashes) and weigh again. Heat strongly 
with the lid in place. Cautiously raise the lid from time to time 
with tongs so as to allow air to enter, but try very hard not to 
allow any smoke to escape. Finally weigh. 

Record a summary of the results. Can you explain them ? 

We must now try to state a more correct version of our 
experimental law. 
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THE SECOND STEP IN THE SCIENTIFIC METHOD 
IS TO EXPLAIN THE FACTS OBSERVED 

A possible explanation which may account for the facts is 

called a HYPOTHESIS, The only reasonable hypothesis at 
this stage is that 

{a) any decrease in weight is the consequence of loss of smoke, 
etc., into the air, and 

(6) any increase in weight comes from the air. You knov. 
from your study of barometers that air has weight. 

THE THIRD STEP IS TO PREDICT THE CONSE¬ 
QUENCES OF THE EXPLANATION 

It is fairly easy to explain facts, especially if w'e change our 
explanation whenever we meet a difficulty. But it is not so 
easy to predict what will happen in an experiment we have 
not tried. If the prediction is correct, then we may be fairly 

sure that the explanation is correct. This is the most important 
feature of the scientific method. 

Our explanation is that loss of weight is caused by loss of 
smoke ; we can therefore predict that if the smoke from a 

candle is collected there should be no loss in weight, 
^^1 the smoke is collected there will be a gain in weight. 

THE FOURTH STEP IS TO TEST THE PREDICTION 
BY EXPERIMENT 

Experiment 11. 

This experiment is described fully to illustrate how to record experi¬ 
ments . 


AIM 

RESULT 


To test the prediction that if smoke is collected 

from a burning candle, there will be a gain in 
weight. 

1. Light was emitted by the burning candle. 

2. A mist appeared above the flame. 

3. The chimney became uncomfortably hot, 

4. Weight of candle + apparatus initially 

5. Final weight of candle apparatus 
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RESULT 


INFERENCE 

or 

CONCLUSION 


6. Gain or loss in weight = 

7. Time of beginning experiment 

8. Time of ending experiment 


hrs. 


mins. 


hrs. 


mms. 


Since there was an increase of weight during the 
experiment, the hypothesis that loss in weight in 
burning is due to loss of smoke is correct. 


Air drawn 
by aspirator 
or pump 


Granular soda lime 
absorbs both water 
vapour & carbon 
dioxide 



\ \ 


Glass lamp 
chimney 


Cork, grooved 
✓ to admit air 


Fig. 3.— A burning candle GAINS weight 


PROCEDURE 1. The apparatus shown in Fig. 3 was set up 

and weighed. 

or 2. The apparatus was connected to the pump, 

the candle lit and the pump set working. 
METHOD 3. After burning for two minutes the candle was 

extinguished. 

4. When cool enough to handle comfortably the 
apparatus was again weighed. 

At this stage we must beware of complacency ; our hypothesis 
need not be the only possible explanation. We must ask our¬ 
selves “ Is there any alternative explanation ? ” Possibly 
there is enough dust and moisture in the air to account for the 
100 mgms. or so by which the weight has increased. To check 
this we must carry out a control experiment. 

Experiment 12. 

In this control experiment every condition is exactly similar to the 
corresponding detail in Expt. 11 but for ONE point, we do not 
bum the candle. The air is sucked through at the same rate for 
the same length of time. This time we find that although there is 
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Still a small increase in weight, it is only about one-third of the 
increase in Expt. 11. We have therefore confirmed that the loss 
in weight when a candle is burned in the ordinary way is due to 
the smoke, etc., not being collected. 


THE FIFTH STEP IS TO CONTINUE EXPERIMENTING 

We must go on until we have built up a theory, i.e. a complete 
explanation of all the facts. In order to find out what experi¬ 
ments to do we repeat steps 2, 3 and 4, explaining the facts, 
predicting the consequences of the explanation, and testing the 

predictions by experiment, doing control experiments wherever 
necessary. 

Step 2, explanation, was that increase in weight comes from 

the air. 

Step 3, prediction, can then be : “ If we burn something in 

a confined space, there should be no increase in 
weight.” 

Step 4, test, is the next experiment. 

Experiment 13. 

Phosphorus is the basic material of matches and it burns when 
heated very gently. 

In this experiment the phosphorus is ignited by touching it with 



Screw clip 
Stout rubber cube 


Rubber bung 


500 ml. flask 


White phosphorus 

Sand prevents 
flask cracking 


Fig. 4.—Phosphorus burning in a closed vessel 


a warm glass rod and immediately inserting the rubber bung. 

The flask is weighed before and after the experiment. Why ? 

What happens when the clip is released and the flask re-weighed ? 

1 litre ot air weighs about 1 -2 gms. Can you now explain the 
result ? ^ 
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Experiment 14. To investigate the effect of burning phosphorus in 
air. 

A piece of white phosphorus held in a coil of wire is pushed into a 
50-ml. graduated tube and the whole inverted into a jar of water. 
The volume of the air is then measured, with the level of the water 
in the jar the same as that in the tube.- 
Can you see the reason for the levelling ? 


Fig. 5. 



White phosphorus 
Graduated cube 

Copper wire 


Slow combustion of phosphorus over water 


Try measuring the volume with the levels different. 

Can anything be seen happening ? 

What is the level of the water inside the tube after one day, two 
days, three days ? 

What tests might be made on the air which remains in the tube ? 
What tests can you suggest might be tried on the phosphorus ? 

Experiment 15. To produce oxygen by heating various solids. 
Put about 5 gms. of powdered potassium nitrate into a hard glass 
test-tube. The size 6 x 1" is letter for this experiment than the 
normal size 6 x i". 

Heat in the medium bunsen flame, using a test-tube holder, and 
keeping the tube moving backwards and forwards along its axis 
through the flame. 

When the solid has melted, heat more strongly, and observe whether 
any gas is evolved. What is the effect of holding a glowing (not 
burning) splint of wood inside the tube ? 

Repeat the experiment with potassium chlorate and potassium 
permanganate. 

What happens if you add a pinch of manganese dioxide to the 
potassium chlorate and test again with a glowing splint ? 
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COMPLETE EXPLANATION OF BURNING 

Burning is a chemical change in which a substance combines 
with oxygen, to form one or more oxides. For example, a 
candle, which is composed of a compound of carbon and 
hydrogen known as paraffin wax, forms carbon dioxide and 
hydrogen oxide, the latter being commonly known as water 
The oxide (or oxides) weigh more than the original substance* 
because it (or they) contain the original substance plus oxygen. 
If any such oxide is a gas or smoke, there will seem to be a loss 
m weight unless the gas or smoke is collected. 

The oxygen may be obtained from the air, of which it forms 
about one-fifth, or from substances which contain it in a com¬ 
bined form, such as potassium nitrate, 

THE NATURE OF SCIENTIFIC TRUTH 

Some people think that modern scientists have shown that 

what was believed fifty years ago was untrue, and that what 

we now beheve will be shown to be wrong in another fifty 

years. Actually, scientists nearly always find that the older 

theories tell a large part of the truth, and that more recent 
work tells us more of the truth. 

In this study of burning, only one of our theories was wron^ 

—that things lose weight when burned—and this was the most 

obvious one. The rest of our theory was built up, bit by bit 

and later in the book you will find more things that we know 
about burning. 


SCIENTIFIC METHOD IN EVERYDAY LIFE 

Science is not something that is studied only in schools or in 

laboratories. It is a way of thinking that can solve a large 
number of problems. ® 

One of the most important things to remember about it is 
that It IS experimental—the motto is “ Try it and see ’’—but 

danger^J^r^°^ before you do experiments that may be 

Don t think that text-books or grown-ups know all the 

nswers, even though their advice will often save you a lot of 
time and trouble. ^ 
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The Other thing to remember is that explanations should be 
tested by predicting the consequences and finding whether the 
predictions are correct. If it really rained because you didn’t 
take a raincoat, then the same thing should happen in the 
middle of a settled fine spell! 

BREATHING 

We found out that burning was a reaction between the oxygen 
of the air and a fuel that was so vigorous as to emit energy in 
the form of light and heat. The reaction can be started by the 
application of a small amount of initial heat, commonly known 
as ignition. 

What is usually called breathing is essentially the same, but 
here we must note that the biologist uses the term breathing to 
denote the action of the lungs of animals, and that the process 
we are about to study, which goes on in all living organisms, 
whether they have lungs or not, is properly called respiration. 
Respiration is a reaction of oxygen with food, and by means 
of respiration the large amounts of energy needed by living 
creatures for living and moving are set free. 

Experiment 16. To study the effect of burning materials in pure 
oxygen. 

A gas jar is filled with oxygen, most conveniently obtained from a 

steel cylinder, and a little freshly prepared 
lime-water poured into the jar. Lime- 
water is made by shaking up slaked lime 
with water so that a little lime dissolves in 
it, and then siphoning off the clear super¬ 
natant liquid. Lime-water turns cloudy if 
carbon dioxide is mixed with it, and this 
reaction is used as a test for the gas. 

A small quantity of sugar, or dry bread¬ 
crumbs, or rice, is put into the bowl of a 
deflagrating spoon and heated until it 
begins to burn. The spoon is then lowered 
quickly into the gas-jar so that its plate 
covers the mouth of the jar. 

When burning ceases, the spoon is removed, the gas-jar plate 
replaced and the jar and its contents shaken. 



Oxygen 


Gas jar 

Deflagrating 

spoon 

Lime water 


Fig. 6.—Burning 
material in a gas- 

jar 
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Has any carbon dioxide been produced ? What conclusion can 
you draw about the chemical composition of sugar ? 

Experiment 17. To study the effect of breathing on the composition 


of air. 


Set up the apparatus shown in the sketch. Note the time. 

Breathe gently and slowly in and out through the rubber tube 

on ^e T-piece. Continue to do so until the lime-water in one 
of the flasks turns turbid. Note the time again. 



Air In 


Air out 


Fig. 7.—Carbon dioxide in fresh and expired air 

Compare your time with that of neighbours. 

Record what happens in each flas^:. 

What are your conclusions ? 

Can you suggest further experiments to test your conclusions ? 

Respiration is essential to all living organisms to provide 
them with energy. This is equaUy true of the whole organism 
and of the millions of individual ceUs of which the organism 
consists. In animals, which need a great deal of energy for 
movement, the energy is provided by the oxidation of carbon 
compounds from food being oxidised (combined with oxygen 
or reacting with oxygen to form oxides) by the oxygen of the 
air Combination with oxygen is the essential feature you 
wiU remember, of burning or combustion. Burning’ and 
respiration are thus essentially similar processes, the differences 

being chiefly 

(а) that in burning heat is produced and in respiration both 

^ energy of movement (kinetic energy) 

(б) that respiration is, compared with combustion, a rather 
Slow process. 


B 
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The air we breathe into our lungs contains approximately 
21 per cent oxygen and only about 0’03-0 04 per cent carbon 
dioxide, by volume. In the lungs, the oxygen combines with 
haemoglobin, the red pigment of blood. This pigment is a 
complex organic compound containing iron. Blood transports 
food in solution and oxygen in the red blood corpuscles to the 
extremities of the body. In the cells, a reaction takes place 
which can be summed up thus : 

SUGARS + OXYGEN 

= CARBON DIOXIDE + WATER + ENERGY 

The energy thus set free is used partly for muscular movement 
and partly for maintaining the body temperature at 98-4° F., 
which is much higher than the temperature of the surrounding 
air. (What are the limits of the range of air temperatures in 
which men can live ?) The carbon dioxide produced in this 
reaction is returned to the lungs, dissolved in the blood plasma, 
where it is exchanged for oxygen. The air breathed out con¬ 
tains about 18 per cent of oxygen and 3 per cent of carbon 
dioxide, the remainder of the air, mostly nitrogen, being 
unchanged. 

The supreme need of oxygen for breathing is shown by the 
fact that while we can survive for a few weeks without food or 
for a few days without water, to go without breathing for more 
than a few minutes results in death. 

Experiment 18. To observe the effects of various gases on blood 
pigment. 

For this experiment you will need some blood, which you may be 
able to obtain from a slaughter-house by taking there a flask con¬ 
taining a little sodium citrate to prevent clotting. Alternatively, 
you can obtain dry haemoglobin and dissolve it in water. 

Obtain in one of these ways a clear red solution by mixing the raw 
material with water. 

Pass oxygen through one half of the liquid and bubble carbon 
dioxide through the other half. Note that the colour of the tube 
through which oxygen has bubbled turns bright red, while that 
brought into contact with carbon dioxide remains purple, the colour 
of haemoglobin. 

If you now bubble carbon monoxide through some of the red 
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this^ Next ?nhH. 8=*5 ^“PP'y for 

unable to absorb oxygen ; that is why the gas is so poisonous 

Ex^riment 19. To test the specific gravity of blood. 

Qr. ^ -fi healthy and your blood has enough red cells in it its 

to'fo ferif7 the°“‘‘‘ interesling 

lact to verify, the experiment is well worth while ^ 

lie string tightly round the middle joint of a finger and iab the 

toes If v'r^ it slowly'through a bunsen flame th^^ 

and this can be enlarged by squeezing the finger. Ren^OTe to 
String as soon as the blood is obtained. 

ick up the drop of blood by means of a small glass svrin^e made 
by softening some quill tubing in the bunsen, femovfng from the 

ptouc"d“ Sil’ to f ® 

pipette Th^hlnod , ^ ® "‘■angular file and use it as a 

end If m will rise, by capillarity, into this tube if the 

end of the tube is dipped into the blood 

Now blow the drop of blood into the copper sulphate solution 

Thfdrrp^niffid^XtnVsinf 

42 dissolve the copper sulphate Add 

to Sisure Thar the"’ sn'"“5’ ■> Mrometer 

temperrurfo'f to V 

SfeTbiX^Tld^" "’T “"‘ains icon. 
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Divide the blood solution into two halves and stand in the rack. 
Add potassium thiocyanate (KCNS) solution to one tube. Is there 
any difference in the appearance of this tube ? Does it resemble 
the tube in which iron rust was dissolved ? Do you infe r anyt hin g 
from these results ? 

RUSTING 

The third chemical change we shall consider in this chapter 
is also related to burning. It is of vital importance to our 
modern industrial civilisation, because more than ten times as 
much iron is used today as all the other metals together. The 

cost of preventing rust in Britain alone is about £50 million 
per year. 

Experiment 21. To discover the causes of the rusting of iron. 
Clean and dry four similar conical flasks of about 250 mis. capacity. 
Keep them on top of a stove or radiator, or in an oven, untd 
required. Each flask should be fitted with a solid rubber bimg. 

Into flask A place a couple of pieces of anhydrous calcium chlor¬ 
ide, so that the air is quite dry. 
fiask B is furnished with a piece of stick caustic soda to 

remove all possible carbon dioxide. (Use forceps 
for moving this material; do you know the meaning 
of the word “ caustic ” ?) 

flask C is completely filled with water which has been boiled 

for some time so as to expel all air. 
flask D has a few drops of water in it. 

When the flasks are all prepared, drop into each (better still, slide 
down the side of each) an iron nail which has been polished with 
emery cloth. Leave the flasks for 48 hours, or longer, and then 
record the results and make the appropriate inferences about the 
conditions which govern the rusting of iron. 

Experiment 22. To measure the proportion of oxygen in air. 

Some iron filings are dropped into a glass tube about 24'^ long and 
wide, the sides of which have been slightly damped. 

The tube is rotated so that the filings adhere to the sides of the tube 
over most of its surface. 

The tube is then inverted in a jar of water. After 48 hours or 
more measure the volume of air left in the tube and compare the 
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new volume with the old original volume, 
the water inside and out.) 

What conclusions do you draw from the 
result ? 

Close the end of the tube with your thumb, 
remove it from the water, and insert a glow¬ 
ing splint, and then a burning splint, of 
wood. Fill the tube with water, empty it, and 

then repeat the tests with glowing and burn¬ 
ing wood. 

Summarise the results. 


By this time you can possibly explai 
why so much expense is borne in coatir 
iron with some other substance. Ho 


many ways can you suggest for prevention 

of rusting ? What method is used for 

Lyle s syrup tins, for the corrugated iron 

used by builders, for water buckets, for 

the Forth Bridge, for engineer’s new tools 
etc. ? 


(Remember to level 



J_Moist iron 

• filings 



Fig. 8.—To absorb 
oxygen from air by 
iron filings 


Experiment 23. To investigate further the causes of the rusting of 

explanation of rusting is very simple, 
try the following set of experiments. 

Polish thr^ 10-cm. lengths of iron wire with emery cloth. 

Wind one length around some magnesium ribbon a couple of turns 
and put the coil in a test-tube. ^ 

Wrap another length around some clean copper wire, or a brass 

small^Laker halfpenny, and put the result into a test-tube or 

The third piece is to be used as a control in a test-tube. 

^ter covered, 

^ter 48 hours observe the result and try to explain it 

Can you suggest how to test whether any iron has"^dissolved in the 
(See Expt. 20.) 



THINGS TO REMEMBER 


1. Burning or combustion means combining with oxygen. 

2. Approximately one-fifth of the air is oxygen. 

3. Oxygen causes a glowing wood splint to burst into flame. 

4. Anhydrous calcium chloride absorbs moisture in the form of 
vapour. 

5. Calcium hydroxide solution, or lime-water, turns cloudy when 

it comes into contact with carbon dioxide. 

0 

6. Caustic soda, or sodium hydroxide, is used for absorbing carbon 
dioxide. 

7. The scientific method involves the following five steps. 

(а) Obtaining the facts by experiment and observation, 

(б) Explaining the facts, 

(c) Predicting the consequences of the explanation, 

(d) Testing the prediction, 

(e) Continuation of experimenting. 

8. On many occasions the only way of determining whether an 
observed fact is due to one factor, is to set up two similar experi¬ 
ments, in which every detail is the same except the one under 
investigation. 

That part of the experiment in which the factor under investiga¬ 
tion is absent is called the CONTROL EXPERIMENT. 

9. Substances with names ending in -ate contain oxygen, e.g. 
potassium nitrate, sodium sulphate, calcium phosphate. 
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QUESTIONS ON CHAPTER 2 

1. Give a summary of the modern theory of burning. 

State very briefly the experimental evidence for each point vou 
mention. ^ ^ 

2. Of what use is breathing to humans ? 

Describe experiments to show as completely as possible how the 
air has been changed after passing through the lungs. 

3. There is an adage “ Rain before seven, fine by eleven ” The 
numbers refer to the hours of the clock. 

Explain how you would use the scientific method to discover 
whether the adage is true. 

4. In Expt. 8 an assumption has been made. Can you spot what 
It IS ? Unless the assumption is justified the inference you 
make from the experiment is invalid. 

Can you suggest how to test, simply, whether the assumption is 
correct c ^ 


5 


6 


7 


8 


After Expt. 22 the tube will be coated internally with rusty marks. 
It is impossible to remove these completely by scrubbing with 

suggest using to remove the 
stains . The method has been suggested in Expt. 20. 

rown stains are caused by certain types of tap-water. What is 

in solution in the water to cause these stains, and if your sink 

or bath suffers from them, how could they be remo^ved ? 

Describe three experiments you would carry out to find the 

causes of rusting and state clearly the conclusions to be reached 
from each experiment. xcacnea 

Seiyrs“ ‘he of 

onemeia as in that of a country town ? 

Describe one experiment to show that, during burning an in- 

ZrJn oftl 1-^ exieriment i sh^w 

tnat part of the air is used up during burning. 

The Forth bridge is made of iron. Twenty-four men are con- 

Explain why this expensive process is essential. 
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CHAPTER 3 


THE AIR WE BREATHE 


(From this point, chemical symbols and equations will be used, for the 

convenience of those who intend to continue their study of chemistry 

seriously; they are not an essential part of the reading. 

Chemical names are explained on pp. 77/78 and symbols and equations 
on pp. 77/83.) r j ^ 

The previous chapter showed us that air is not a single sub¬ 
stance, but consists of several different gases. That part which 
is active in the processes of burning, breathing and rusting is 
oxygen, and the rest of it is almost all inactive (or inert). But 
there are small proportions of gases present in the air which 
are of extreme importance despite their lack of bulk! All 
these will be dealt with in turn. 

COMPOSITION OF DRY AIR BY VOLUME 

0 / 

/o 


78 

• 

. Nitrogen 

Na 

21 

# 

Oxygen 


1 

• 

. Argon 

A 

0-03-004 

• 

Carbon dioxide 

CO 2 

Variable 

• 

Water vapour 

HaO 


Traces of ammonia, sulphur dioxide, hydrogen and other gases. 
Do not confuse the gases hydrogen and nitrogen, as many 
young students do ! 

NITROGEN 

In the previous chapter we saw how nitrogen can be obtained 
in the laboratory by removing the oxygen from air with white 
phosphorus (Expt. 14) or with iron filings (Expt. 22). Nitrogen 
gas itself is not much used by man and so we sh^ not spend 
much time on its preparation. But its compounds are very 
important to us because it is an essential component of many of 
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the substances which build the bodies of plants and of animals • 
these substances are called proteins. 

prepare a specimen of nitrogen from the 

A slow stream of air is passed through a wash-bottle containing 
caustic soda solution to remove the carbon dioxide, then through 
U-tubes of anhydrous calcium chloride tn 


Water in 


Air out 




Nitroge 

Iron tube with asbestos bungs 




Anhydrous Ca Clj 
Caustic soda sofution 

Fig. 9, Preparation of nitrogen from air 

'■^dness in an iron lube 
? ®^P®riment to succeed a tube furnace of some kind is 

nitrogen (and argon) is collected over water and is 
called atmospheric nitrogen ^ 

Nitrogen -f Oxygen + Iron = Nitrogen -P Iron oxide 

PROPERTIES OF NITROGEN 

de'f “It'HnV''® °"'y gas which has no positive proper- 

expressed by the words “ ^itro|en does not sip^rf combu 
on Nitrogen will not burn, i.e. it is non-infemmabTe 

litmus lime-watei or 

The “ atmospheric nitrogen ” prepared in Expt 24 usuallv 
contains some impurities and smells of burnt'^ease ^ 


THE IMPORTANCE OF NITROGEN 

Nitrogen forms compounds known as proteii 
basis of all livmg organisms. 


IS which are the 
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Plants can only make proteins from compounds of nitrogen, 
very few of which occur naturally as minerals, but which are 
regenerated from the dead bodies and excreta of organisms 
through the activities of bacteria. Artificial fertilisers, how¬ 
ever, can now be made from atmospheric nitrogen, as you will 
learn later. Man and animals obtain their proteins from plants 
or other animals. 

Experiment 25. (Demonstration.) To show proteins contain 
nitrogen. 

Obtain enough hair to fill a test-tube loosely, and mix it thoroughly 
with black cupric oxide. 

Connect by a short bent delivery tube to a test-tube and beaker 
full of caustic soda solution. 

Displace all air from the first test-tube and delivery tube with carbon 
dioxide from a Kipp, or better still from a Sparklet resuscitator. 



Heat the mixture of hair and cupric oxide until some gas has been 
collected. The gas is then tested with lime-water and with a 
burning taper. 

Copper oxide + Protein=Copper -I- Nitrogen + Water -1- C02 +SO 2 

The last two gases are dissolved in the caustic soda. Proteins 
contain carbon, hydrogen, oxygen, nitrogen and sulphur. 


COMMERCIAL PREPARATION AND USES OF 
NITROGEN 

The gas can be made from liquid air but by far the largest 
amount is made by burning coke in air and removing the 
carbon dioxide by dissolving it in water under pressure. 
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Oxygen + Nitrogen = Carbon dioxide -f 

c O2 4N2 CO2 


Nitrogen 

4N, 


Nitrogen prepared in this manner is then made to combine 

with hydrogen under high pressure to form ammonia. This 

amrnoma is used for the manufacture of artificial fertilisers 

so that plants can make proteins, which in turn are used by 
animals for their food. ^ 


OXYGEN 

Experiment 26. To prepare oxygen in the laboratory. 

one-fifth of 

s bulk of manganese dioxide in powder form. The mixture is 
then heated gently with a bunsen burner and oxygen is produced 
quickly at a comparatively low temperature. ^ ^ 

Why should the first two gas-jars of gas be rejected ? 

^ obtained from potassium chlorate alone if it is 
heated much more strongly. 



Fig. 11 . Apparatus for preparing oxygen 


mixinc^ ‘'I® manganese dioxide were determined before 

mixing with the potassium chlorate and if, after obtainim^ the 

washed repeatedly with hot 

residue from the filter would be found to have thrsame weS 
as the manganese dioxide to begin with. Moreover, this manganese 

J ^7 other purpose for which manganese ^dfoxTdeTuS’ 

in been changed in any way. A substance which behaves 

other examples of catalysis in this book. ^ 
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ANY SUBSTANCE WHICH INCREASES THE SPEED OF 
A CHEMICAL ACTION, BUT DOES NOT ITSELF 
UNDERGO ANY PERMANENT CHANGE DURING 
THE ACTION, IS CALLED A CATALYST 

Potassium chlorate = Potassium chloride -j- Oxygen 

2 KCIO 3 2KC1 3 O 2 

Oxygen was first discovered by Scheele in Sweden and a little 
later, and independently, by Priestley in England and Lavoisier 
in France. In those days at the end of the eighteenth century 
news travelled slowly and it was quite possible for various men 
to discover new substances almost simultaneously and quite 
independently. They prepared their oxygen laboriously by 
heating mercuric oxide (HgO) strongly; in those days this 
substance was known as the red calx of mercury. 

Oxygen can also be prepared by heating potassium nitrate 
and potassium permanganate, but the method of Expt. 26 is 
the easiest and the cheapest. 

Oxygen is used for many purposes in everyday life, in the 
operating theatre, in the engineering shop and the forge, and 
of course for climbing Everest. It is bought in steel cylinders 
compressed under about 120 atmospheres pressure, but not in 
liquid form. A cylinder of compressed oxygen in the labora¬ 
tory is very convenient. As a rule, the gas is prepared from 
air by liquefaction and subsequent release of pressure, though 
some is made by the electrolysis of water. The cheapest 
possible raw material is the air of the earth’s atmosphere. 

The process of preparing oxygen commercially follows these 
main lines : 

{d) Water vapour and carbon dioxide are first removed, for 
otherwise they would freeze, and clog the apparatus. 

(b) The purified air is compressed by powerful pumps ; this 
makes it hotter and the heat is removed by cold running 
water. 

(c) The compressed air is then allowed to expand through a 
fine jet; this makes it exceedingly cold. 

{d) This very cold air is used to cool more air until eventually 
the air liquefies. 
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(e) On slight warming, the gas with the lower boiling point 

evaporates, leaving behind the gas with the higher boiling 

point. ^ Since nitrogen boils at — 196° C. and oxygen at 

183 C., it is clear that the nitrogen comes away first, 
leaving the oxygen behind. 

Oxygen obtained in this way is 99-5 per cent pure, the impurity 
being nitrogen. A fuller and a fascinating account of this pro¬ 
cess is given in Alexander Findlay’s Chemistrv in the Service 
of Man. 

PROPERTIES OF OXYGEN 

Oxygen is a very active gas. Nearly all elements, and very 

many compounds, combine directly with it, usually giving out 

heat and light, i.e. burning. Most oxides, e.g. water (HgO), 

sand (SiOa), carbon dioxide (COg), do not burn because they 

cannot combine with any more oxygen i they are oxygen- 
saturated. 

It is a colourless, tasteless and odourless gas. 

It dissolves in cold water, and aquatic animals use this dis¬ 
solved oxygen for respiration. At 0° C. its solubility is 1 per 
cent by volume, and as the temperature rises, the solubility 
decreases. (See Plate 2 for its use in sewage disposal.) 

It rekindles a glowing splint of wood. 

It dissolves readily in a solution of pyrogallol mixed with 
caustic soda solution, turning the mixture a deep rich brown. 

Experiment 27. The behaviour of certain elements when burned. 

Heat the following substances separately in a deflagrating spoon, 

until they begin to burn or become red-hot. Use only very small 

quanthies, since some of them are dangerous. In fact, sodium 

and phosphorus should only be used under the direct supervision 
ot the teacher. ^ 

When the substance is burning or red-hot, plunge the spoon into a 
jar oi oxygen and compare its behaviour. 

It IS well to leave an inch of water in the bottom of the iar (why ?) 
and to measure the length of spoon protruding beyond the plate 

t? spoon will not enter the water. (Refer to 

Expt. 26.) 
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After all burning has ceased, replace the gas-jar plate and shake 
the jar and its contents vigorously. 

Test the resulting solution with red litmus and with blue litmus. 
Record carefully all your observations and see whether you 
divide the materials into two classes as a result of your experiment. 

LIST OF ELEMENTS : Calcium metal, carbon (lump char¬ 
coal), iron (filings), magnesium 
(ribbon), phosphorus (white stick), 
sodium, sulphur (flowers). 

USES OF OXYGEN 

{d) Mixing oxygen instead of air with gaseous fuels results in 
much higher temperatures being reached. 

If oxygen is mixed in a blow-pipe with coal gas, or hydro¬ 
gen, or acetylene, a very high temperature sufficient to melt 
steel is produced. 

About 25 per cent of the oxygen used commercially is used 
in this way in oxy-acetylene welding, which gives 3000° C. 
(M.P. iron is about 1500° C.) 
ib) In hospitals, use is made of the gas for helping patients 
who have difficulty in breathing, as in pneumonia. Air¬ 
men use it at high altitude, miners after explosions under¬ 
ground, and the Everest expedition used oxygen cylinders, 
(c) In cutting metals with the oxy-acetylene flame, the metal is 
heated to a high temperature, then extra oxygen is turned 
on and the iron turns to oxide and falls away. In safe¬ 
cracking, the hiss of the escaping gas often betrays the 
burglar! 

THE INERT GASES 

UntU the end of the nineteenth century, chemists thought that 
the composition of air was known with precision. But about 
1890, through the careful work of Lord Rayleigh, a very small 
proportion of other gases was found in the nitrogen of the air. 
Rayleigh was working on nitrogen which had been made from 
the air, and another sample which had been made by heating 
compounds of nitrogen, both samples being supposed to be pure, 
was found to have a different density. True, the difference 
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was only about y^Vo gm. per litre, but Rayleigh realised 
Its significance. By 1894, with the aid of Ramsay, he had iso¬ 
lated the new gas, which proved to be argon. Other gases have 
been isolated and are called helium, neon, krypton and xenon. 

PROPERTIES AND USES 

The reason why these gases remained so long undiscovered is 

that they are completely inert and form no chemical compounds 
whatever. ^ 

The modern electric lamp, or bulb, has a hot filament sur¬ 
rounded by argon or neon, and the glow of the neon discharge 

tube is a familiar sight to all town-dwellers in front of shops 
cinemas, etc. ^ ’ 

The ^hng of the filament lamp with gas has made it much 
more efficient, for the filament can be heated to a higher 
temperature, and therefore can be made much brighter, with¬ 
out decomposing the wire and darkening the glass with a fine 
metallic deposit. 

Helium, which is exactly twice as heavy as hydrogen but is 

non-inflammable, can be used for inflating balloons when it 
occurs naturally, as in U.S.A. 

Experiment 28 . Demonstration of the density of argon. 

lamp in a duster and hold it 
large bell-jar in a sink full of water. 


under a 


Pump 


Rubber bung 


Large be!l jar 



Fig. 12. 


To obtain argon from electric lamp bulbs 
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Smash the glass with a hammer and allow the gas to rise to the top 
of the bell-jar. Repeat the process with five or six more bulbs. 
Weigh a density flask full of air to which is attached a length of 
rubber tubing and screw-clip. 

Join the clipped rubber tubing to the bell-jar and allow some argon 
to displace some of the air. Dry the apparatus and re-weigh. 
In such an experiment the increase of weight was found to be 
0*16 gm. for 530 mis. 

The density of air is I -29 gms. per litre and that of argon I -78 gms. 
per litre, both measured at N.T.P. 


CARBON DIOXIDE 

Experiment 29. To study the combustion of fuels. 

Bum the following substances successively in different gas-jars of 
air : coal, coke, anthracite, wood, charcoal, paper, methylated 
spirit, paraffin, alcohol. 

Pour into the jar a little fresh lime-water, shake and note the result. 
Has carbon dioxide been produced ? 

Has the quality of the water used for rinsing the jars any bearing 
on this ? 

Try rinsing one jar with tap water and another with distilled water 
and test each with lime water. 

Next fill an inverted gas-jar with coal gas, or a jar right way up with 
calor gas, Bottogas, or butane. (Why is the first jar to be inverted, 
and not the other ?) 

Shake the unburned gas with lime-water. Then ignite the gas 

with a taper. (In the case of the coal gas, stand well away when 
igniting. Why ?) 

Shake again with lime-water. What is your conclusion ? 



Fig. 13.—How to collect coal gas 

in a gas-jar 



Seeds 


Moist 

cotcpn 

wool 


Fig. 14.—^Testing the gas evolved 
by germinating seeds 
(Expt. 30) 
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Experiment 30. To study the respiration of plants. 

Soak some cotton wool in water and place at the bottom of corked 

boiling tubes. On the soaked cotton place seeds of mustard, 

cress, radish, peas, and leave for 24 hours. At the end of this time 
test with 

(a) a glowing splint, 

(b) a drop of lime-water on the end of a glass rod. 

The best size of boiling tube for this experiment is 6 x 1". 

Experiment 31. To study the manufacture of food by plants. 

(a) Breathe deeply in and out of a milk bottle or a gas-jar 10 times 
and then cover with the lid, which should be sealed down with 
a little vaseline. 

Repeat with another jar for a control experiment. 

Into one jar put several freshly-cut sprigs of mint. 

Leave both jars in BRIGHT SUNSHINE for four hours at 
least. If they can be put out of doors so much the better ; 
if not, a greenhouse will serve the purpose, but a laboratory is 
much too dimly lit for this experiment. 

Test each jar with lime-water and a glowing splint. 

ib) Do the same pair of experiments, but burn a candle in each jar 
instead of breathing into it. 

This experiment was first performed by Joseph Priestley, the 
famous English parson-scientist who discovered oxygen. 

WHY DOES THE PROPORTION OF CARBON DIOXIDE 
IN THE AIR REMAIN CONSTANT ? 

The normal proportion of carbon dioxide is between 0 03 and 
0-04 per cent by volume, wherever an analysis is made, although 
in a crowded room it may rise to 0*3 per cent. Since the gas is 
continuously being produced by burning fuels and by the 
respiration of all living creatures, this may seem difficult to 
credit. We must, however, remember that plants are con¬ 
stantly using the gas as a raw material in the manufacture of 
food in the sunlight (carbon assimilation or photosynthesis) 
and that rain is constantly washing it out of the air to form the 
very weak carbonic acid. It is this acid which slowly weathers 
rocks and causes the temporary hardness of water. 
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CARBON DIOXIDE + WATER = CARBONIC ACID 

CO2 H2O H2CO3 

THE FEEDING OF PLANTS 

In the minds of many students there is considerable confusion 

about this. It is impossible to emphasise too strongly that 

feeding, whether in animals or plants, is essentially similar and 

that the process involves a breaking down of manufactured 

foods with the release of ener^. Both plants and animals are 

constantly, all their lives, respiring, and releasing energy from 
food. 

Plants, however, can build up, or synthesise, food materials if 
they are provided with the essential raw materials and sunlight. 
The raw materials are water and carbon dioxide, and the 
synthesis can only take place in the presence of the green 
pigment present in the leaves of almost all plants, called 



Fig. 15.—How animals and plants maintain the oxygen and carbon 

dioxide of the air constant 
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CHLOROPHYLL. This pigment is being exploited a great 
deal today (1953) as a deodorant, e.g. Air-wick. 

In plants, then, photosynthesis takes place during sunshine 
periods, but the opposing process of respiration takes place 
all the time. The amount of food built up by a plant during 
the hours of bright sunshine far exceeds the amount used by 
the plant during the twenty-four hours, and the excess is stored 
in some parts of the plant, notably in the seeds and fruit, in 
underground storage organs such as potatoes, and in the trunks 
of trees. Study the accompanying diagram with care and 
make sure you understand this vital matter. 

When plants die, their remains decay and return to soil and 
air. In the swamp era, which occurred about 250 million 
years ago, masses of enormous moss trees were preserved in 
the form of coal, which we are now using to release the energy 
they stored all those years ago (Plate 1). 

Until today, all energy used by animals or machines has 
come from carbon or its compounds (coal, sugar, petrol, 
starch, etc.) which were formed originally by photosynthesis! 
In the future, it is possible man will be able to use the energy 
of atomic nuclei on a large scale. If this can be done, we shall 
perhaps be able to manage without coal and without petrol, 
but almost certainly not without plants. 

WATER VAPOUR 

The amount of water vapour in the air varies tremendously 
and is linked with temperature. There is always more when 
the air is hot, in natural circumstances. The amount is 
measured by instruments called HYGROMETERS, which you 
will meet in the physical part of your studies. 

In the Tropics there is always much water vapour in the air, 

and that makes the climate uncomfortable, as it is not easy to 

cool one’s body by sweating. In the Arctic regions, the air is 
very dry. 

Since water vapour is LIGHTER than air an influx of damp 
air causes a fall in barometric pressure ; hence, a fall in 
barometric pressure presages a fall of rain. 

When the air is very humid, perspiration is difficult and the 
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weather feels “ muggy ” and oppressive. A crowded room 
feels stuffy largely on this account. Plants excrete water from 
their leaves and therefore have a most important effect on 
climate. Some desert plants, exposed to arid conditions, have 
no leaves at all, and store water in their succulent stems. 


Substances which are sensitive to water vapour in the air 
are said to be HYGROSCOPIC. Cheap salt tends to cake 
because it contains magnesium chloride as well as sodium 


chloride ; the former is 


hygroscopic, but pure salt is not. 


The substances used in chemical experiments for drying gases, 
such as anhydrous calcium chloride, phosphorus pentoxide 
and concentrated sulphuric acid, are all very hygroscopic. 


ACCIDENTAL IMPURITIES 

Experiment 32. To study the removal of dust during breathing. 

Go into the coal-shed, or some other equally grimy place. Shovel 
coal vigorously, or sweep dust. 

Breathe correctly, i.e. breathe in through your nose. 

Blow your nose when you come out and clean the inside of your 
nose with a clean handkerchief. What do you conclude from an 
examination of your handkerchief ? 


Experiment 33. To measure atmospheric pollution. 

Write your name in pencil on a filter-paper which has been dried 
by keeping it overnight in a desiccator. Weigh it as accurately as 

possible. Fold it into four parts, and clip it 
^ glass funnel with a paper clip. 

I Expose it for one week in an open place, well 

\ r**/ above ground level, where it will not be inter- 

\ / fered with. 

\j/ Take it in at the end of a week and dry it over- 

^ ^ night in a desiccator. 

^ fWeigh again. 

a er-paper Check that it is really dry by drying again and 

weighing again. 

From your weighings, calculate the weight of deposit per day, and 
hence the weight per square mile for the time of year. 

Does this experiment present you with food for thought in many 
respects ? 


Fig. 16.—Folding 
a filter-paper 
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DUST 

Fine particles of solid are found in most air, especially where 
there is much wind or draught. These are normally removed 
from air as it passes through the nostrils by fine hairs and 
mucus, so that the lungs are not damaged (that is, if we breathe 
properly, through the nose). In mining, and other dusty 
industries such as silk manufacture, lung troubles are sadly 
too common. 

SOOT AND ASH 

Solid particles of carbon, tarry material and ash carried up the 
chimneys remain suspended in the air as smoke (Plate 9). 

The London atmosphere contains about mgm. of solids 
per cubic metre of air. This may seem small, but it is equiva¬ 
lent to a deposit of 20 tons per square mile per month. 
Domestic fires are responsible for about half this total. 

This pollution of air by smoke results in several undesirable 
consequences : it 

(a) Wastes a great deal of solid fuel, and we cannot afford 
to waste, 

(b) Cuts off sunlight, causes more artificial light to be used, 
and causes or helps to cause fogs in winter, 

(c) Cuts off ultra-violet light, helping to produce diseases such 
as rickets, 

id) Wastes money on labour in cleaning and laundry, 

(^) Damages crops so that their yield of food may be decreased 
by half. 

This can be prevented to a large extent by using smokeless 

fuels and by the use of gas and electricity. There are also 

many improved types of grate to be had today which burn 
ordinary coal much more efficiently. 

An open coal fire only gives out into the room 20 per cent of the 

available heat energy of the coal, the remainder goina up the 
chimney. o o r 

On the other hand, an efficient openable stove (Courtier, Esse, 
Cozy), gives out 60 per cent of the available heat. 
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POLLUTION BY GASES 

Near factories of certain kinds, sulphur dioxide, oxides of 
nitrogen, and carbon monoxide may occur in sufficient quanti¬ 
ties to be harmful. Two parts of sulphur dioxide in one million 
parts of air is enough to cause damage to stonework, paint and 
iron inside buildings, fabrics such as flags and window curtains, 
harm to growing plants and to be suspected of causing 
ill-health. Such gases can be removed from the effiuent of 
modern works as at Battersea and Fulham ; coal gas is freed 
from harmful impurities at the gas works, and domestic coal 
be “ washed ” 


can 


at the pit-head. 


Experiment 34. To test air for the presence of sulphur dioxide. 
Bum some sulphur in air or oxygen in a deflagrating spoon in a 
gas-jar. Put on a filter paper a spot of potassium dichromate 

solution (K 2 Cr 207 ) and dip the filter paper in the jar. Note the 
colour change. 

Now bum some coal in the same way, if possible using some coal 
with golden streaks of iron pyrites or fool’s gold. 

Test again with potassium dichromate solution. 

Lift the lid of a coke stove, or go into the school heating chamber, 
and see if you can detect the presence of sulphur dioxide (a) by smell, 
(6) by the dichromate test. 


BACTERIA 

These microscopic living organisms, known also as microbes 
and germs, are to be found everywhere. In the air there are 
usually 100 per cubic metre and a good soil teems with them. 
Most are harmless, many are very useful (Plate 13 and p. 183) 
and some are dangerous. 

Harmful microbes which are to be found in the air under 
suitable conditions include the germs of pneumonia, whooping 
cough, diphtheria and tuberculosis. The main reason for 
proper ventilation is to reduce the number of harmful bacteria. 
Fortunately for humans, many harmful bacteria cannot resist 
the effects of oxygen and sunlight. 

For many people, who are compelled to travel in crowded 
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trains and work in badly-lit and ventilated factories and offices, 
exposure to germs is quite unavoidable. But if coughs and 
sneezes are smothered in a handkerchief and people keep fit by 
observing the simple rules of health, bacteria need cause no 
fear. 


THINGS TO REMEMBER 


1. The chief constituents of the air from the Table on page 24. 

2. The definition of a catalyst from page 28. 

3. The carbon dioxide cycle from page 34, Fig. 15. 

4. The reasons why nitrogen is important despite its chemical 
inertia. 


5. Oxygen means acid-producer. This name was given it by 
Lavoisier, because his experiments showed him that all the pro¬ 
ducts of combustion he was able to produce did form acids 
when dissolved in water. Many oxides are not acids, but 
the name had become so widely used by the time the mistake 
was discovered, that it was retained in spite of the fact that it 
is a misnomer. 

6. The properties of oxygen and the test for oxygen. 



QUESTIONS ON CHAPTER 3 

1. Flowers and pot plants are removed from hospital wards in 
the evening. There is a popular idea that this is done because 
they release carbon dioxide during the hours of darkness and 
might harrn the helpless patient. What do you think of this 

idea, and, if you think it is wrong, why do you suppose the 
flowers are removed ? 

2. In the figure which illustrates Expt. 24 there is an apparent 
contradiction. Can you spot it ? 

In fact, there is no contradiction. Can you explain this ? 

3. After bathing in the sea, the skin and hair become sticky. 
What do you think is the cause of this ? It would perhaps be 
better to ask “ What ... are the causes of this ? ” 

4. Which component of the air is most variable ? What instru¬ 
ment is used to measure its percentage in air ? 

When air contains too much of this component, what is the 
effect on one’s bodily comfort ? Explain this as fully as 
possible. 

5. In Expt. 25 the instructions are to displace all air with carbon 
dioxide. Explain why this must be done. 

6. Air contains oxygen, nitrogen, carbon dioxide, water vapour, 
and other gases. Name one of these other gases and state 
any use to which it is put. 

What is the source of the carbon dioxide of the air and what 
important part does it take in supporting life ? 

7. Give as much evidence as you can on the dirtiness of town air. 
What can we do to make it better ? 

(The National Smoke Abatement Society, 30 Grosvenor Place, 
London, S.W.l, will send you information on this if you care 
to write and enclose a stamped and addressed envelope.) 

8. Describe fully how you would prepare a few gas jars of nitrogen 
from ordinary air. Draw a diagram of the apparatus you 
would use. Name TWO impurities which would be present 
in the gas so obtained. 
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State TWO properties of air which indicate that it is a mixture, 
not a compound. 

(Cambridge Gen, Sci., 1950) 

9. How would you show that ordinary air contains (u) oxygen, 
ib) carbon dioxide, (c) water vapour ? Given dry air, describe 
an experiment to determine within 1 per cent the percentage 
of oxygen in it. State what processes remove oxygen from 
the air, and what processes liberate oxygen. 

(Oxford Gen. Sci., 1953) 

10. What are the main constituents of air ? Explain why the pro¬ 
portions of the constituents are not absolutely constant. 

Give an account of the importance of any two of these con¬ 
stituents and a method of finding the approximate proportion 
of any one of these gases. 

(London Gen. Sci., 1950) 

11. Describe, in full detail, with a sketch of the apparatus used, 
how you could prepare and collect some jars of oxygen in the 
laboratory. 

State one way in which oxygen is prepared on the industrial 
scale and quote TWO important uses to which it is commonly 
put. 

Describe the nature and the chemical properties of the oxides 
formed by the combustion of sulphur and calcium, 

(Northern Univ. Gen. Sci., 1950) 

12. Write an account of oxygen, dealing with the following topics : 

(a) the occurrence of oxygen in nature in both the free and 
combined states; 

{b) the function of oxygen in combustion and respiration ; 
(c) the principal classes of oxides, with examples and simple 
experiments to demonstrate their characteristic properties. 

(Northern Univ. Gen. Sci., 1953) 

13. Describe an experiment by which you could find the proportion 
by volume of oxygen in air. 

Give THREE reasons why you regard air as a mixture and 
not a compound. 

State in what respects the air we breathe out differs from the 
air we breathe in. 


(Welsh Joint Gen. Sci., 1953) 
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14. Describe the usual method of preparing and collecting oxygen 
in the laboratory. Outline a method of obtaining a gas-jar 
of nitrogen from the air. State what is meant by (a) oxidation, 
ib) reduction, and give one example of each of these processes. 

(Welsh Joint Gen. Sci., 1951) 



CHAPTER 4 


ELEMENTS, COMPOUNDS AND MIXTURES 


If gunpowder is crushed and stirred with warm water the 
potassium nitrate in it will dissolve j gunpowder is therefore 
a MIXTURE which CAN BE SEPARATED INTO TWO 
OR MORE SIMPLER SUBSTANCES BY MEANS OF 
A SIMPLE PHYSICAL CHANGE. 

The potassium nitrate itself will all dissolve in the water and 
if the water is again boiled away, the nitre (potassium nitrate) 
appears the same as before. If the nitre is heated strongly, 
oxygen is evolved, and if the residue is added to dilute sul¬ 
phuric acid a brown gas is given off. The original potassium 
nitrate does not react with sulphuric acid. This means that, 
through the heating of the nitre, a new substance has been 
formed, i.e. a chemical change has taken place. A substance 
like potassium nitrate is called a COMPOUND and CAN 
ONLY BE ANALYSED (SPLIT UP) INTO TWO OR 

MORE SIMPLER SUBSTANCES BY MEANS OF A 
CHEMICAL CHANGE. 


The oxygen is said to be an ELEMENT. IT IS IMPOSSIBLE 

BY ANY MEANS TO DERIVE FROM AN ELEMENT 
ANY SIMPLER SUBSTANCE. 


Other elements that we have encountered so far in this book 

are sulphur, iron, magnesium, phosphorus, nitrogen, argon, 
6^0 • 


yTl '^as always possible that a substance 

which had been regarded as an element would prove to be a 

mixture or a compound ; thus, until the time of Lavoisier 

air was thought to be an element. You will recall another 

instance of such a misconception from the last chapter. 

Similarly, calcium oxide and magnesium oxide, called lime and 

magnesia respectively, could not be split into their component 

elements until the manufacture of electric batteries made this 
possible* 
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ELEMENTS 

In 1952 the existence of 98 elements * was known. Berkelium 
and Californium (Nos. 97 and 98) were discovered only in 
1950. It is possible there may be more, and indeed in the light 
of more recent work on isotopes the whole of chemical theory 
has been modified. All the compounds in the world are 
made up from these elements in various combinations and so, 
of course, are all the mixtures such as blood, bone, wood, etc. 

In this book we shall consider about one-third of the total 
number of the elements, and of this one-third only about a 
dozen in detail. The first division of elements for purposes of 
classification is into metals and those which are not metals. 


METALS 

An ELEMENT which possesses a characteristic LUSTRE, is 
a GOOD CONDUCTOR OF HEAT AND ELECTRICITY, 
can be beaten into sheets, i.e. is MALLEABLE, and can be 
pulled out into wire, i.e. is DUCTILE, is probably a metal. 
Example COPPER. 


NON-METALS 

When an ELEMENT has no metallic LUSTRE, is a poor 
CONDUCTOR OF HEAT and of ELECTRICITY and is 
neither MALLEABLE nor DUCTILE it is usually a NON- 
METAL. Example CARBON. 

It is not at all simple to define the word metal completely, but 
if all the points mentioned are considered, a good idea of the 
nature of an element will be gained. This can then be checked 
by chemical properties, such as the nature of the oxide, which 
in the case of metals is basic, and acidic in the case of non- 
metals. This will be dealt with later in the book. 

Experiment 34. To classify some of the common elements. 
Examine as many as you can of the following list of elements, and 
any others which may be available : aluminium, argon, bromine, 
calcium, carbon, chlorine, chromium, copper, gold, hydrogen, 

* By 1954, 100 elements were known. 
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iodine, iron, lead, magnesium, mercury, nitrogen, oxygen, phos¬ 
phorus, platinum, silver, sodium, sulphur, tin, zinc. 

Construct in your record-book a table on these lines ; 


1 

NAME 

OF 

ELEMENT 

1 

APPEAR¬ 
ANCE ! 
OR 

LUSTRE 

CON¬ 
DUCTS 
HEAT 
WELL ? 

CON- 
. DUCTS 
' ELEC- ; 
TRICITY? 1 

1 

MALLE¬ 

ABLE 

DUC¬ 

TILE 

1 

1 M.P. 

1 

1 

1 1 

density' 

. gms./ml. 

i 

1 

* 

j Sulphur ’ 

1 

No lustre 

1 

Poor 

; 

Insulator 

Not at all 

1 

No 

IIS'" C. 

t 

1 2*0 

1 

' 1 

4 


This work will take quite a long time to do, but it is worth the 
pains. 

Draw your own conclusion from your observations. 

Note that metals usually have high melting points (M.P.) and large 
densities, but not always (see Plate 15). 

Many of the facts can be ascertained by reference to Kaye and 
Laby’s book Chemical and Physical Constants, when it would be 
impossible to obtain them by experiment. 

From this straightforward piece of work, you will gather that 
although the essential differences between metals and non-metals 
are fairly clear, it is unwise to be too dogmatic. 

THE ABUNDANCE OF THE ELEMENTS 

The elements occur in nature in proportions that appear quite 

fortuitous. This has a considerable bearing on the extent 

to which man uses them. An American, F. W. Clarke, has 

estimated the proportions of the elements which occur in the 

air, the sea, and the earth to a depth of 24 miles, and his 

figures are given on the back end paper. Do you think these 

have always been the same as they are now, and are they ever 
likely to change ? 

You will notice that two of the “ also-rans ”, namely carbon 
and nitrogen, are among those most essential to living organ¬ 
isms. Their proportions are 0-2 per cent and 0-01 per cent 
respectively. The very different proportions of the elements 
present in the human body are shown on p. 46. 

Apart from iron, most of the heavy metals are very rare ; 
copper, lead, uranium and zinc about 0-001 per cent, mercury 
0-00005 per cent and gold about of the mercury ! The 
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COMPOSITION BY WEIGHT OF THE HUMAN BODY 


1 

1 

1 

i 

1 

OXYGEN 65% 

1 » 

1 1 

1 1 

j ! 

CARBON 
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; Mostly as water, 
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also as proteins 
and in the calcium 
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i 1 
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1 1 
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ENLARGEMENT OF BOTTOM RIGHT CORNER 
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\ ■ ^ ____ 

PHOSPHORUS 1% 


f 



POTASSIUM 0 4% 


SULPHUR 0-3% 


SODIUM CHLORINE 

015% 015% 



t 

t 


most useful minerals have in many cases been exhausted. 
Lead, once quite cheap, is now more expensive than aluminium, 
and a serious “ black market ” in lead has resulted in much 
pilfering of lead from church roofs. At the present rate of 
consumption all known lead mines in the world will have been 
worked out by 1966 and copper and zinc mines 10 years later. 


COMPOUNDS AND MIXTURES 

The differences between compounds and mixtures can be 
illustrated most clearly and simply by the preparation of the 
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compound ferrous sulphide by heating a mixture of iron and 
sulphur. 


• — prepare iron sulphide by direct combination of 

iron and sulphur. 

In Expt. 6 of Chapter 1 you made a careful examination of the 

properties of iron and sulphur. You should be able to recollect 

the action on each of a magnet, of dilute sulphuric acid, of carbon 

tetrachloride, of heat and the general appearance and colour of each 

Mix together roughly two volumes of flowers of sulphur and one 

volume of iron filings very thoroughly. Make two separate heaps 
ot the mixture on two sheets of paper. 

With the first heap, try the action of a magnet. Can you separate 
the iron from the sulphur ? ^ r 

With a portion of the first heap, try the action of dilute sulphuric 
acid. Is hydrogen generated ? ^ 

♦ portion of the first heap, try the action of carbon 

tetrachloride. Can you remove the sulphur by dissolvine it 
leaving behind the iron ? ^ ’ 


K a low-power microscope is available, examine a small pinch of 
sulphur ? distinguish the metallic iron and the crumbly 

With the second heap, half fill a 6 x i" test-tube. An old dry 
tube IS best, as the tube will have to be broken later. ^ 

Heat the tube at the bottom end in a moderate bunsen flame 

r ^ bottom of the tube, remove 

the tube from the flame. What do you notice ? It will be neces¬ 
sary, by the way, to hold the tube with some form of holder to 
protect your fingers from burning. A strap made by folding scrap 
paper into four thicknesses serves splendidly ^ ^ 

When all action has ceased and the tube has cooled, break it in a 

the broken glass from the residue, which may 
be called clinker. Grind this clinker into a fine powder ^ 

acW powder to a magnet, dilute sulphuric 

acid, etc. Is there any iron in the clinker, as iron ? Or any sul- 

Man^^ prepared a completely new sub- 

sulphur to COMBINE to make a substance called a COMPOUND 


From a great many experiments carried out by many scientists 

we reach the conclusions set out as generalisations in the foUow- 
mg table. 
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COMPOUNDS 

1. The components of a compound 
can only be separated by a 
chemical change. 


2. The formation of a compound 
is a chemical change, and heat 

j is always absorbed or evolved. 

1 

3. The composition of a com¬ 
pound is fixed and invariable 
and can be expressed by a 
formula. 

I 

1 _ _ _ ___ 

4. The properties of a compound 
need have no relation to those 
of its components, but are 
characteristic of the compound. 


MDCrURES 


1. The constituents of a mixture 
can be separated more easily, 
by a physical or by a chemical 
change. 


2. The formation of a mixture is 
only a physical change, and 
little or no heat is involved. 


3. The composition of a mix¬ 
ture can vary indefinitely and 
need not correspond with any 
formula. 


4. The properties of a mixture are 
those of its constituents added 
together. 


HOW TO OBTAIN PURE SUBSTANCES FROM 

MIXTURES 

Most substances, whether they occur naturally or are produced 

in a Laboratory, are in the form of mixtures. We must there¬ 
fore know some of the methods of separating them into their 

constituents; see opposite on p. 49. 

The difficulty of doing this is increased by two conditions: 

(1) the constituents being in the same physical state, e.g. two 
solids, and 

(2) the particles being very small, e.g. solutions. 

The most important methods therefore depend on either 

{a) making one only of the substances into a gas, the particles 
of which can then diffuse away, e.g. nitrogen from liquid 
air (distillation), or 

(fe) making one only of the substances into a solid, the particles 
of which can be filtered off, e.g. sand from a sugar solution. 




THE SEPARATION OF MIXTURES 
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There are other methods for use in special cases, such as the 
sublimation of sulphur, flotation or washing for minerals, and 
the use of magnets. 

Experiment 36. To separate salt from sal ammoniac (ammonium 
chloride). 

Clamp a hard glass combustion tube, with the lower end plugged 
with asbestos wool, at an angle of about 45° to the horizontal. 
Slide a mixture of salt and sal ammoniac, which has been made 
by grinding the two substances together in a mortar, into the 
bottom end of the tube. 

Now heat the lower end of the tube with a moderate bunsen flame, 
but leave the upper end of the tube quite cool. 

Scrape some of the sublimate from inside the tube and test to see 
whether it is an ammonium compound. Heat it with a little 
slaked lime and detect the smell of ammonia. 



Experiment 37. To separate the constituents of oxygen mixture. 
Stir up with warm water in a porcelain dish on a gauze and tripod 
about 5 gms. of the black mixture used for the preparation of 
oxygen. Bring the water slowly to the boil, using a small and 
moderate bunsen flame. Note that a very hot bunsen flame should 
never be used under a gauze, unless your family makes its income 
by the manufacture of wire gauze. 

Pour the liquid down a glass rod (why ?) into a very clean porcelain 
dish through a funnel with a filter paper. The filtering is acceler¬ 
ated when (a) the liquid is hot, (6) the paper is fluted. 

When filtration is complete, dry the residue on the filter paper, 
after washing it several times with hot water from a wash bottle. 
Try whether you can get any oxygen by heating this residue. What 

is it ? 

Warm the filtrate in the porcelain dish so that it evaporates steadily, 
at the rate the cook would describe as simmering. Put on one 
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Side for crystals to form. Dry the crystals, grind them to powder 
and heat to see whether oxygen can be obtained from them. 



Fig. 18.—Apparatus for filtering a liquid 


Half ^ oxygen from air by dissolving it in water. 

and cK Winchester bottle or a large flask with distilled water 

f ^'^gorously for some time, removing the stopper from 
time to time to allow fresh air to enter. 



Fig. 19.—^Boiling air out of water 


51! f completely with this water from the Win 

Chester bottie and fit the neck of ihe flask with a oneTole rubter' 
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Stopper with a delivery tube which fits flush with the stopper. If 
the tube projects, the gases which will be driven out of the solution 
will collect in the neck of the flask. The delivery tube must also 
be filled with the prepared water, and this can be accomplished 
if the flask is fiUed completely and the stopper then pushed into 
position gently but firmly. 

When the water is boiled air bubbles are produced, which travel 
into the tube in the pneumatic trough. 

From 1 litre of water about 20 mis. of gas can be obtained. 

If a graduated tube is used for the collection of the gas, and a piece 
of white phosphorus on a wire is left in the tube for a couple of 
days, you will see that about 33 per cent of the gas is oxygen. 
Since air contains about 21 per cent of oxygen, a partial separation 
has occurred. 


Experiment 39. To separate oil from peanuts. 

Shell half a dozen peanuts, cut the nuts into small pieces and crush 
the resulting material in a mortar. 

Add a few millilitres of ether and rub the materials together again. 
IT IS MOST IMPORTANT THAT DURING THIS EXPERI¬ 
MENT THERE SHOULD BE NO NAKED FLAME IN THE 
LABORATORY, AS ETHER IS VERY VOLATILE AND THE 
VAPOUR IS EXPLOSIVE. 

Filter the mixture rapidly through a fluted filter-paper into a clean 
dish and then leave the dish for a quarter of an hour in an open 
space. 

At the end of the time, what do you find in the dish ? 

Experiment 40. To separate iron from brass. 

(fl) By physical means. If a number of iron and brass screws 
have been mixed they can easily be separated by passing a strong 
magnet through the mixture. The magnet may be a permanent 
magnet, such as a horse-shoe magnet, or an electro-magnet. You 
will be taught how to make an electro-magnet in the physics 
laboratory. 

{b) By chemical means. If a mixture of iron filings and scrap 
brass, such as empty cartridge cases, is covered with dilute sul¬ 
phuric acid and gently warmed the iron will dissolve and leave the 
brass behind. 

The iron solution is pale 
solution. 


and consists of ferrous sulphate 
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Experiment 41. To separate sawdust from sand. 

the mixture in a deep bowl or bucket and place this in a sink 
Attach a rubber tube to the water tap and play a jet of water on 

to the mixture. You must hold the nozzle end of the rubber tube 
unless you want to soak aU adjacent objects. 

The sawdust, being lighter than water, floats to the surface, allowinc* 
the sand to sink to the bottom. ® 


SUMMARY OF FACTS LEARNED 

1. The meaning of the words element, mixture, compound, metal 

and non-metal, when these words are used in the precise vocabu¬ 
lary of the chemist. 

2. The differences between the mbctures and compounds the 
cticinist uses* 


3. 


4. 

5. 


(c) 


1 ne methods ol separating mixtures into their constituents ; 

(a) by crystallisation of solids from saturated solutions of 
soluble materials, 

(b) by distillation of liquids by heating so that the liquids turn 
into vapours and are later condensed into liquids 
by filtration when one substance is insoluble and the others 

the fiber ■ '"soluble material is left as a residue in 

(d) by floating off the lighter material with water, either in a 
static way or by violent agitation, 

easily vaporised. Sulphur 
this method^'® nomally purified by 

OUs dissolve in ether, the vapour from which is dangerous. 

Iron diMolves in dilute sulphuric acid when finely divided but 
the acid has no effect on brass, or on copper. ^ 


(e) 



SOME EXAMINATION QUESTIONS AND SOME 


PRACTICAL QUESTIONS 


1. Describe carefully how you would determine the proportic 
by volume of oxygen in a sample of air confined over water in 
graduated tube. What would you expect the proportion to be 
How could you collect some of the air dissolved in tap-water 
Give a diagram of the apparatus you would use. Why is th 
composition of this air different from that of ordinary air 


2. A bag of salt has been spilt on the earth in a place where salt 
is very valuable. It is necessary to recover it with the ordinary 
utensils of the camp. How would you propose to do this ? 


3. The refuse of London contains many valuable materials, in¬ 
cluding much grease and thousands of tons of tinned iron. 
Can you suggest a method of removing the greasy tins from 
the rest of the rubbish ? 


4. The soot from the domestic chimney contains carbon and 
ammonium sulphate, among other things. How could you 
prepare some of the ammonium sulphate free from carbon ? 

5. What methods can you suggest for separating an oily liquid 
from water ? 

6. Which of the following are elements, and which elements are 
metals ? Give reasons for your decision in each case; Phos¬ 
phorus, tin, brass, coal, wood. 

7. Describe how you would make some calcium carbonate using 
calcium, carbon, water and a gas-jar of oxygen, but no other 
chemical substances. 

Give ONE test to show that your product really is a carbonate, 
and state ONE reason why you consider this substance to be a 
compound, not a mixture. 

(Cambridge Gen. Sci., 1950) 

8. What is meant by an element ? 

For many centuries water was regarded as an element; describe 
carefully any one experiment to show that water is, in fact, a 
compound. Draw a diagram of any apparatus you would 
use and point out any assumptions you have to make. 

54 
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What substances would you expect to find dissolved in (a) sea¬ 
water, (b) tap-water in a limestone district ? 

(Oxford Gen. Sci., 1953) 

9. State four important differences between mixtures and com¬ 
pounds, niustrating your answer by referring to iron, sulphur 
and iron sulphide. ^ 

Describe carefully how you would isolate the first-named 

constituent of each of the following mixtures : (a) common 

salt and chalk ; (b) ammonium chloride and sodium chloride • 
(c) charcoal and copper oxide. * 

(Oxford Gen. Sci., 1952) 

10. Describe how you would use iron filings and flowers of sulphur 

to demonstrate the meaning of the words compound and 
mixture. 


Mention THREE famdiar substances which are mixed and 
THREE which are compounds, stating the constituents in each 



(London Gen. Sci., 1946) 

11. Gunpowder is a mixture of finely powdered charcoal, sulphur 
and potassium nitrate. State (a) how you could extract the 
potassium nitrate from the gunpowder; (b) what reactions 
would occur if the residue was ignited in air. 

(Northern Univ. Gen. Sci., 1950) 



CHAPTER 5 


ACIDS, SALTS, HYDROGEN AND WATER 
The properties of acids 

Many unripe fruits have a sour taste because they contain 
compounds known as ACIDS ; for example, sour apples 
contain malic acid, lemons citric acid. This sourness is also 
found in stalks such as rhubarb and leaves like those of sorrel. 

Another very noticeable fact is that fruits and vegetables 
often change colour when mixed with other substances. The 
rich purple of ripe bramble berries turns red when mixed with 
the juice of the unripe blackberry, but blue when stained 
fingers are washed with soap or washing soda. Similarly, red 
cabbage juice is red when pickled with vinegar, but when 
washing soda solution (sodium carbonate, NagCOg) is added, 
the juice turns green. Substances which change colour with 
acids are known as indicators. 


The juices which have just been mentioned “ go bad ”, that 
is, they ferment if kept for very long. The most useful indi¬ 
cator is litmus, which can be kept in the dry state when mixed 
with chalk. LITMUS is obtained from lichens which grow 
in Holland. Lichens are lowly plants which find their susten¬ 
ance in the most unhkely places, such as tree-trunks and old 
walls and tiles. Litmus paper is filter-paper which has been 
soaked in litmus solution and then dried. The paper turns red 
if a drop of acid is added to it. 

With alkalis, such as ammonia or potash or soda, litmus 
turns blue. Alkalis are the opposite of acids and neutralise 
them. 

Acids have two other properties which we have already seen 

(1) They attack washing soda solution, producing an effer¬ 
vescence due to carbon dioxide. 

(2) They often attack metals, such as iron, giving hydrogen, 
a gas which forms an explosive mixture with air. If a tube 
in which hydrogen is being formed by the action of acid on 
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metal is applied to a flame, a “ pop ” is heard, which is a 
small and harmless explosion. 

The following jingle helps us to remember what we have 
learned about acids : 


“ An acid is a substance which 
Turns litmus, in solution, red ; 

A metal may react with it 
And give off hydrogen instead.” 

Experiment 42. To prepare ferrous sulphate from iron and sul¬ 
phuric acid. 

Gently warm some dilute sulphuric acid in a 200-ml. beaker. 

About 50 mis. of acid will be adequate for our purpose 

Add iron filings a little at a time until no more gas is evolved. 

When no further gas is produced, bring the liquid to the boil. 

Filter as quickly as possible and allow the filtrate to cool to room 

temperature by leaving overnight. Crystals of green vitriol or 

^on sulphate, or ferrous sulphate (FeS 04 , 7 H 20 ) are produced. 
The crystals may be dried on filter papers. 

Zinc sulphate (white vitriol) and magnesium sulphate (Epsom salts) 
may be prepared in an exactly similar manner. 


DEFINITION OF A SALT 

A SALT IS A SUBSTANCE IN WHICH THE HYDROGEN 
OF AN ACID HAS BEEN REPLACED BY A METAL. 
Ferrous sulphate is therefore a salt, because the hydrogen of 
sulphuric acid has been replaced by iron. 

In common salt, the hydrogen of hydrochloric acid has been 
replaced by the metal sodium, giving sodium chloride. 


sulphate 


Experiment 43. To prepare coppei 
copper oxide. 

possible to prepare copper sulphate by dissolving copper 

oopper does not react with sulphuric acid But 

oxide often will 

Add black cupric oxide gradually to warm dilute sulphuric acid 
s nrmg constantly with a glass rod, untU a small cx«ss of the 
b ack powder will not dissolve. The cupric (copper) oxide sup- 

about the insoluble excess. 
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Filter the hot solution and then concentrate the filtrate until a glass 
rod which has been dipped in the solution and cooled by blowing 
on it with the breath forms a cloudy deposit at once. This means 
that the solution is saturated and will readily form crystals. 
Note that no hydrogen has been produced in this case. What do 
you think has happened to the hydrogen of the acid ? It has been 

replaced by the copper, forming copper sulphate, so where can it 
have gone ? 

Experiment 44. To examine the action of the three common mineral 
acids on various metals. 

Too many people assume that, because zinc or iron react with 
hydrochloric or sulphuric acid to form hydrogen, all metals react 
with all acids to do the same. Nothing could be more mistaken. 
Examine the action of the three common acids of the laboratory, 
hydrochloric, nitric, and sulphuric, on magnesium ribbon, copper 
turnings and iron filings. Use the acids dilute and then concen¬ 
trated, first cold and then hot. Test for the presence of hydrogen 
by putting the mouth of the test-tube to a bunsen flame. If 
hydrogen is present there will be the characteristic “ pop ”. Handle 
the concentrated acids with great care, and when heating the tube 
point its mouth so that if the contents are violently ejected, they 
will not strike anybody. 

Tabulate your results and see what inference you can draw. 

Experiment 45. To prepare hydrogen and examine its properties. 
Using the metal and acid which you have found most effective, 
prepare several gas-jars of hydrogen with the apparatus shown in 
the sketch. 

When each jar is nearly full, cover the mouth with a greased, ground 
lid and place it in a pneumatic trough until needed. 

id) Open a gas-jar of hydrogen below another gas-jar of air. After 
about five seconds, test the gas in the upper jar with a lighted 
taper. Use a long taper and hold the gas-jar you are testing 
with a thick duster. 

ib) Light a gas-jar of hydrogen with a long taper and at once 
push the taper through the flame into the jar. Does the taper 
continue to burn ? Why is this ? 

<c) Generate hydrogen and dry it carefully by passing it through two 
or more tubes of anhydrous calcium chloride or soda-lime. 

Then pass it over black cupric oxide in a hard glass tube, as in 
Fig. 23. 
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When the gas issuing from the end of the tube is pure hydrogen 
heat strongly, ^he gas MUST be tested. How ? Why f) ' 
Unless the experiment is performed with care, it is dangerous. 

co^mbusUon ^ g'‘>“ 

How can you test the residue to find out what it ic 9 



20. Preparation of hydrogen 




Air 



Fig. 21.—Demonstrating the light 

ness of hydrogen 



Fig. 22.—Testing whether hydro¬ 
gen supports combustion 


Acid 



Cupric oxide 


///> 


WIf. 


i) 


Drying 

tube 


t t t 

Heat 


Zinc 


hydrogen 

burning 


Fig. 23. 


Reduction of cupric oxide by hydrogen 
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LABORATORY PREPARATION OF HYDROGEN 

On a small scale the apparatus of Fig. 20 is that most useful for 
this preparation, but if the gas is needed continuously, it is best 
prepared from zinc and hydrochloric acid in a Kipp’s appara- 
atus. (Fig. 25 ; left-hand end.) The acid is poured in through 
the top thistle funnel and the commercial quality zinc, in 
■“ granulated ” form, is placed in the middle compartment. 
The reason for “ granulating ” the zinc is that a larger surface 
is offered to the action of the acid, and this form is produced by 
pouring molten zinc into cold water. 

When the lower compartment of the Kipp is full of acid, the 
acid begins to enter the middle compartment and react with the 
zinc. As gas is produced, it sets up a pressure, which forces 
the acid out of the reaction chamber and thus stops the action 
until some gas is drawn off, when acid again enters the reaction 
chamber and generates more gas. The zinc is gradually dis¬ 
solved, forming the salt zinc chloride, a colourless substance 
that mingles with the acid. Of course, the acid steadily 
becomes weaker and eventually has to be replaced, and from 

time to time more zinc is needed. 
The zinc chloride solution, by 
the way, makes an excellent 
soldering flux. 

Although the Kipp’s apparatus 
looks so efficient, it always leaks 
and should always be used in 
a fume chamber. It is used 
commonly for the preparation 
of sulphuretted hydrogen. 

The very small density of 
hydrogen makes it suitable for 
inflating balloons, which rise 
quickly into the atmosphere and 
eventually go out of sight. 

The apparatus shown here can be used for inflating toy 
rubber balloons. 

What do you think is the purpose of the long tube ? 



Fig. 24.—Inflating a balloon 

with hydrogen 
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You may have to wire the rubber stoppers into their holes 
Why ? 

E^eriment 46. To inflate soap bubbles with hydrogen, and with a 
mixture of hydrogen and oxygen. 

If a hydrogen generator is connected—through a wash-bottle of 

water to remove the fumes of hydrogen chloride—to a clay pipe 

or a thistle funnel, bubbles of soap film filled with hydrog4 can 

be produced. These bubbles rise rapidly upward. Modern 

detergents often produce better bubbles than soap. If someone 

stands on the demonstration bench with a lighted taper and is 

quick enough, he can ignite the bubbles as they rise. You will then 
see that pure hydrogen burns quietly. 

If an oxygen cylinder is also joined to the pipe through a T-piece 

so that oxygen and hydrogen together blow the bubble, a very 

ditlerent result will be obtained when the bubble is “ lighted 

You will also note that the bubbles move more sluggisWy than 
those filled with hydrogen alone. ^ 

Try also to produce bubbles with pure oxygen. Do they rise and 
can they be ignited ? o ^ , 

Experiment 47. To show that burning hydrogen produces water. 

o d a knife with a cold, clean blade above a moderate bunsen 
name at a distance of 3" and watch it carefully. 

Instead of a knife-blade a small round flask may be used full of 
cold water. ■' ’ 

Watch carefully what happens on the surface of the blade or the 
You will only see what you are looking for during the first few 

i^^he c^se o7?S fla'^sk.”'^"’^^"^"’ 

Experiment 48. 

the air. 

lemolSraiSr elaborate and is better done as a 

‘he hydrogen 

apparatus w.ll be blown up. Let the hydrogen p^aarthrougl for 
you ate sure the gas which emerges is pu?^ 


To synthesise wafer from hydrogen and oxygen of 
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delivery tube for a perfectly clean one (remember that in this experi¬ 
ment the worst possible kind of impurity is water. Why ?) and 
ignite the gas. Let the small flame play on to the cold, clean, dry 
surface of the flask or retort, through which a steady slow stream 
of cold water is kept flowing. At first it is difficult to see the flame 



Fig. 25.—Synthesis of water 


burning but later it assumes an orange hue. What does this 
mean ? 

The drops of liquid which form on the flask must be tested to prove 
they are water. 

To show that this liquid is water it must be tested, so the experiment 
must continue until several millilitres of water have been collected. 

TESTS FOR WATER 

Three physical tests for water provide evidence of identity: 

1. Freezing point is 0° C., 

2. At normal atmospheric pressure, i.e. 760 mms. mercury, its 
boiling point is 1(X)® C., 

3. Its density is 1 gm./ml. at 4® C. 

Note that the ordinary variations of atmospheric pressure from 
28-6' to 30-6', or 728 to 776 mms., of mercury correspond with 



ACIDS, SALTS, HYDROGEN AND WATER 63 

a change in the boiling point of water from 98-8 to 100-6° C. 

Variations of atmospheric pressure have no appreciable effect 
on the freezing point of water. 

However, the sunplest test for small quantities of water is 

a chemical test. When added to the white powder called 

anhydrous copper sulphate, the latter turns bright blue. Most 

laboratory reagents are aqueous solutions and will give this 

test, but liquids such as concentrated sulphuric acid, alcohol, 

ether, nail-yarnish remover, paraffin and a host of clear 

colourless liquids will not answer to the test. The white 

powder is made quite simply, by gently heating powdered 

copper sulphate in a test tube until all the water of crystallisa¬ 
tion has been driven off. 

These experiments prove that burning hydrogen in air produces 
water. 


DECOMPOSITION OF WATER BY METALS 

1. The following metals do not react at all with water: 
platinum, gold, silver, copper, lead, tin. 

2. These metals react with steam : iron, magnesium, zinc. 


Experiment 49. To study the reaction of iron with steam. 

An iron tube, of about I" diameter, is packed loosely with small 
iron nails. I" oval nails are very good for this experiment. The 
ends of the tube are fitted with asbestos stoppers and short glass 


Steam is driven through the tube from a generator and the gases 
resulting from the passing of the steam over the iron are collected 
m a gas-jar. Note the safety device on the steam generator 
1 he iron tube must be very strongly heated if the experiment is 
to be a success, so that the iron contents are made red-hot before 
the steam enters. Since steam is much colder than red-hot iron 
the steam must pass through for a short time only. 

Make sure that the gas emitted from the delivery tube is hydroeen 
before you begin to collect it. ^ ° 

The substance which remains in the tube at the end of the experi¬ 
ment IS a blue-black substance known as magnetic iron oxide. 
1 nis re^tion of steam and iron is sometimes used for the produc¬ 
tion of hydrogen in emergencies, although the hydrogen produced 
IS not quite pure. f 
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Experiment 50. To study the reaction of magnesium with steam. 
A thin glass test-tube has a small hole produced in the end by 
heating it with a mouth blowpipe flame and blowing when the end 

is soft. Only a small blow-hole is 
needed. 

The tube is packed with a spiral of 
magnesium ribbon and fixed to a steam 
generator as shown in Fig. 27. 

While the steam is being produced, 
the test-tube and magnesium are also 
being heated as strongly as possible 
without melting the tube. 

Stand well back while this is going 
on. When the experiment is over, 
record what you observe and test the 
residue from the magnesium. Taste it 
carefully, and add some dilute sul¬ 
phuric acid to it. What do you think 
it is? 



Fig. 27.—^Burning mag¬ 
nesium in steam 


3. Some metals react with cold water, e.g. calcium, potassium 
and sodium. 

Since these metals react with water, they have no value for 
constructional purposes, though sodium is made cheaply on a 
large scale for use as a reagent. Calcium is sold in the 1 
of turnings, and unless the bottle in which these are stored is 
air-tight, they deteriorate owing to their action with the water 
of the air and the oxygen of the air. 
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Hydrogen 


Calcium 

turning 


Experiment 51. To study the reaction of calcium with water. 

Place a turning of calcium in water in a glass dish and invert a 
6x1' test-tube over it (the tube must contain water). Bubbles of 
gas arise and when there is enough of it, 
test it to make sure that it is hydrogen. 

The water becomes cloudy because cal¬ 
cium hydroxide is formed and this is 
not very soluble in water. 

Taste the water when all the calcium 
has disappeared. Have you ever tasted 
water like this before ? What do you 
think it is ? 

Add litmus to the water and see what 
colour is produced. What sort of sub¬ 
stance has been formed ? The reaction 
these equations : 




Fig. 28.—Action of cal¬ 
cium on cold water 

may be indicated by 


Calcium -f Water = Calcium oxide + Hydrogen 
Ca HgO CaO Hj 

Calcium oxide + Water = Calcium hydroxide 
CaO H 2 O Ca(OH) 2 

Sodium is a soft light metal; it can be cut easily with a blunt 

knife and it floats on water. It oxidises so very readily that its 

silvery lustre is only seen when it is freshly cut. In an attempt 

to prevent oxidation it is stored in a bottle of oil with a waxed 
stopper. 


Experiment 52. To study the reaction of sodi um with water. 

Remove with forceps a lump of sodium from the stock bottle and 

cut off a piece the size of a small pea with a knife, holding the 

mmp in a clean dry mortar to do this. Note the peculiar lustre. 

Drop the smaU piece of sodium into the tube of a simple apparatus 
shown m Fig. 29. ^ 

The tube is about 1 cm. in diameter. 

Use forceps to move the sodium and keep your face well away from 
the tube, 

^ dangerous in foolish hands ! 

atch the behaviour of the sodium when it touches the water 
and apply a hght to the upp^r end of the tube. 

The reaction between sodium and water is EXOTHERMIC 
that is, heat is given out. ’ 
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So much heat is produced that the sodium melts, forming the 

silvery globule which floats on the 
water. The density of sodium is 0-97 
gm./ml., and its M.P. 97° C. 

Repeat the process with several bits 
of sodium and then add some neutral 
(purple) litmus solution to the water. 
What colour is produced when the 
mixture is stirred ? Rub your finger 
and thumb in the liquid. What sort 
of feeling is there ? That feeling is 
Fig. 29. Action of sodium due to the presence of caustic soda in 

on cold water solution in the liquid. If your hand 

has a scratch or cut on it, you will 
probably receive an excellent demonstration of the meaning of 
the word caustic. 

Sodium + Hydrogen oxide = Sodium hydroxide + Hydrogen 
2Na 2H.OH 2NaOH Hg 

The metal potassium reacts still more violently with water and the 
results are similar. 

BREAKING UP (ANALYSING) WATER WITH THE 
HELP OF ELECTRICITY (ELECTROLYSIS) 

When we “ built up ” or synthesised water from hydrogen and 
oxygen, a great deal of energy was given out as heat. If we 
wish to reverse the process the energy must be returned, and 
the most convenient form in which to do so is electrical energy. 

Experiment 53. To study the electrolysis of water. 

The apparatus in which this is done is called a voltameter, and 
there are numerous forms of the 
apparatus. A good deal can be 
learned by the careful study of this 
experiment, and you can set up a 
home-made voltameter quite easily, 
or you can have a most elaborate 
apparatus. Figs. 30 and 31 show two 
contrasting types of voltameter. 

Pure water does not conduct elec- Fig. 30.—A simple volta- 
tricity and a small quantity of sulphuric meter 
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acid is usually added to make the water into a conducting medium. 
The acid is not used up by the experiment. 

Platinum is used for the electrodes for two reasons 

(а) It is not corroded by the acid. 

(б) It does not react with any of the substances used. 

Here is a sketch of a more elaborate type of voltameter. 
The source of current may be either a 12-volt accumulator 




Seep • down 
transformer 



Fig. 31. Voltameter and details of its construction 


battery, or a step-down transformer with a 12-volt tapping on 
the secondary side in series with some form of current rectifier. 
A robust and convenient form is a metal one. 

The details of the platinum electrode are shown. 

Why is the foil corrugated ? 

Why must platinum be used despite its extremely high cost ? 

When filling the apparatus with the dilute acid take care not to 

allow any liquid into the taps. Otherwise, when testing for the 

gases, drops of liquid wiU be sprayed on to the glowing splint 
and it will probably be extinguished. 

Note that on the positive, or anode, side of the apparatus. 
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oxygen is produced. Test by holding a glowing splint just 

above the tube on that side and cautiously turning the tap. 

Does the splint re-kindle and burst into flame ? 

On the other, or cathode, side of the apparatus, twice as much 

gas is produced. When a taper is applied above the end of the 

tube and the tap is cautiously turned, the issuing gas ignites 

with a faint “ pop ” and a flame can be seen burning, if one 
looks closely. 

If it can be assumed that water is being decomposed in this 
experunent, and that the acid used is not decomposed, can we 

infer that “ Water is a compound of two volumes of hydrogen 
and one volume of oxygen ” ? 

Experiment 54. To observe the diffusion of hydrogen. 

Fit up the apparatus shown in Fig. 32, with a porous white jar 

on one end of the apparatus and the far 
side of the U-tube drawn out into a nozzle. 
Fill a large beaker with hydrogen, or with 
coal-gas, and invert it over the porous jar. 
Watch the coloured liquid and keep well 
away from the fountain ! 

This result occurs because the hydrogen 
passes through the pores of the jar faster 
than the gases of the air. It is said to 
diffuse. 

Next fill the beaker with carbon dioxide 
and let it stand on the bench. Immerse 
the porous jar in the beaker and observe 
the result. 

In 1846 Thomas Graham, after a care¬ 
ful investigation of the diffusion of several gases, enunciated 
the following “ Law ” : 

Graham’s law of diffusion 

Gases diffuse at rates which are inversely proportional to the 
square roots of their densities. 

Thus, since oxygen is 16 times as heavy as hydrogen, hydrogen 
diffuses four times as quickly as oxygen. 

This behaviour of gases has been utilised to form the basis of 
the action of a detector of fire damp in coal mines. If you had 
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Fig. 32.—Diffusion 
apparatus 
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the apparatus of Fig. 32, with mercury as the liquid, and a wire 
fused into one of the tubes just above the surface of the mer¬ 
cury and another at the bend of the tube, with a bell and 
battery outside, can you devise such an apparatus ? 


USE OF HYDROGEN FOR AMMONIA SYNTHESIS 

In these immensely strong “ converters ”, hydrogen and 
nitrogen react together at a pressure of 250 atmospheres to 
form ammonia. From this ammonia many other substances 
nre derived, notably nitrogenous fertilisers (Plate 4). 


1 . 


USES OF HYDROGEN IN INDUSTRY 

More hydrogen is used as fuel than for any other purpose, 
combining with oxygen exothermically. It need not be 
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pure, and it is usually in the form of coal gas or water gas, 
both of which contain about 50 per cent hydrogen. It is 
also used in the oxy-hydrogen blowpipe. 

2. Tremendous volumes are used in the manufacture of 
fertilisers (Plate 4). 

3. Raw materials for many plastics need hydrogen in their 
manufacture from carbon compounds which contain too 
little hydrogen. 

4. In the manufacture of margarine from plant oils and in the 
manufacture of petrol from coal, hydrogen has to be added 
to the product. Petrol has 14 per cent hydrogen by weight 
against only 5 per cent in coal. 

5. It is used for inflating balloons for meteorological purposes 
and for anti-aircraft defence. 



RECAPITULATION OF THE MORE IMPORTANT FACTS 

1 . An acid is a substance containing hydrogen which is replaceable, 
directly or indirectly, by a metal. Its solution turns litmus red. 

Example : sulphuric acid, H2SO4, which can be called hydrogen 
sulphate. 


Direct replacement 

Iron + Hydrogen = Iron sulphate 4- Hydrogen 
Fe sulphate FeS04 Hg 

H2SO4 


Indirect replacement 

Copper oxide + Hydrogen 
CuO sulphate 

H2SO4 


= Copper sulphate + Hydrogen oxide 

CUSO4 H2O 


2 . Most acids are produced by combining 
with water. 

The hydrogen in the acid thus 


id) Carbon dioxide 

+ Water = 

CO2 

H2O 

ib) Phosphorus oxide 

-r Water = 

P2O5 

3H2O 

(c) Sulphur dioxide 

+ Water = 

SO 2 

H2O 

id) Sulphur trioxide 

-f Water = 

SO3 

H2O 


the oxide of a non-metal 

comes from the water. 

Carbonic acid (Hydrogen 
H2CO3 carbonate) 

Phosphoric acid (Hydrogen 
2H3PO4 phosphate) 

Sulphurous acid (Hydrogen 
H2SO3 sulphite) 

Sulphuric acid (Hydrogen 
H2SO4 sulphate) 


The name “ oxy-gen ” (= acid-maker) was invented by Lavoisier 
because of this property ; it was not then known that some acids 

do not contain oxygen, e.g. hydrochloric acid is a solution of 
hydrogen chloride gas (HCl) in water. 


3. 


Hydrogen is prepared industrially on a large scale by passing 
steam through a tower packed with red-hot coke ; a mixture of 
carbon monoxide and hydrogen is formed, which is used for 
diluting coal gas and is known as water gas. 


Carbon -t- Hydrogen oxide 
C H2O 


Carbon monoxide ■+• Hydrogen 

CO 
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If the water gas is then mixed with more steam and passed over 
a heated catalyst (iron), twice as much hydrogen is obtained. 

Carbon Hydrogen Carbon 

monoxide + oxide = dioxide + Hydrogen 
CO H 2 O CO 2 Ha 

Since the carbon dioxide is easily removed by dissolving it in 
water under pressure, hydrogen can be prepared on a large scale 
in this way. 

4. The removal of oxygen from a compound is known as reduction, 
e.g. water is reduced to hydrogen by red-hot coke. 

5. A base is a substance which combines with an acid to give a 
salt and water only. 

Most oxides of metals are bases. 



QUESTIONS ON CHAPTER 5 


1 . Suggest a method of preparing common salt (sodium chloride) 
from two other substances. 


2 . What reaction would you expect between 

(a) copper oxide and nitric acid (hydrogen nitrate, HNO3), 

(b) copper oxide and hydrogen ? 

Name the products and the type of reaction. 

3 . Which metals do not take part in any action which produces 
hydrogen ? 

Arrange the metals in a series showing decreasing activity. 

4 . Make a diagram of a Kipp gas generator and explain its action. 

5 . Suggest experiments to demonstrate that coal gas contains 
hydrogen in the free state, or in combination. 


6 . What do you understand by an acid, a salt and an indicator ? 
Give two examples of each. 


7 . How would you suggest removing the tarnish from a copper or 
brass article quickly and easily ? 

^^hat chemical facts form the basis for your suggestion ? 


8 . 


Both concentrated sulphuric acid and anhydrous calcium 

chloride are excellent drying agents for gases. If anything 

the former is easier to use. Why, then, have the authors 

insisted on the use of the latter in drying hydrogen in experi¬ 
ments involving this gas ? or 



Can you suggest any reason why iron boUers, etc., which are 

constantly m contact with hot water and steam, corrode 
rapidly ? 


What do you suppose is the nature of the iron rust which is 
loimea ? 


10. A bottle containing turnings of calcium metal was found to 

contam a flaky white powder when it had been in a store room 
tor hve years without being opened. 

What do you think was the powder and how did it come to be 
^Sdum‘? materials like 
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11. Tabulate the properties of oxygen, hydrogen and water which 
you would use in order to identify each. 

Write in the table as many properties for each material as you 
can think of for the purpose. 

12. Telephone exchanges usually have a large room devoted to 
batteres of accumulators. Over the door of this room there 
is a notice—NO SMOKING. The notice does not include 
the word “ please ”. Why is the notice necessary, and why 
is it so terse ? 

13. Describe any ONE method of making water from dry hydrogen. 
(You may assume that a supply of moist hydrogen is available.) 
Give a diagram. 

Describe TWO simple tests to show that the liquid really is 
water. 

Outline briefly ONE method by which you could collect a small 
sample of hydrogen from water. 

(Cambridge Gen. Sci., 1950) 

14. Describe TWO different ways of obtaining hydrogen from 
water, and for one of these ways describe how the hydrogen 
could be collected. 

Explain how hydrogen may be used as {a) a reducing agent, 
(b) a fuel. 

(Oxford Gen. Sci., 1948) 

15. Describe in full detail how you would prepare a pure crystalline 
specimen of zinc sulphate from metallic zinc and sulphuric 
acid, and give an equation for the reaction which takes place. 
State the chief physical and chemical properties of the gaseous 
product of this reaction. 

What characteristics visible to the naked eye are shown by a 
perfect crystal ? 

(Northern Univ. Gen. Sci., 1953) 

16. Illustrating your answer with sketches where appropriate, write 
an account of water, dealing with the following points : 

(a) an experiment demonstrating that it is a compound of 
oxygen and hydrogen, 

(b) a laboratory method of preparing pure water from tap- 
water, 

(c) the various forms in which water occurs in or is deposited 
from the atmosphere. 

(Northern Univ. Gen. Sci., 1952) 
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17. Make a labelled diagram of the apparatus you would use to 
prepare hydrogen from steam. 

Describe briefly how you would show that hydrogen is lighter 
than air, 

A toy balloon weighs 0-2 gm. What weight will it just lift 
when filled to its capacity of 4 litres ? (The density of hydrogen 
is 0 09 gm. per litre and the density of air is 1-2 gms. per litre.) 

(Welsh Joint Gen. Sci., 1953) 



CHAPTER 6 


CHEMICAL THEORY 


WHY WE BELIEVE IN ATOMS 


(This chapter may be omitted at this stage: it is placed here for reference.) 

Up to now, in this book, nearly all the important facts have 
been discovered by our own experiments. In a shortened 
study of chemistry such as we are undertaking it is not possible 
to go very deeply into the ideas about atoms and examine the 
evidence which supports our beliefs. What is essential is that 
the reader should be able to understand chemical statements 
which involve atoms and should have some knowledge of the 
reasons why we believe in them. A detailed account of all this 
is given in fuller chemistry books such as Goddard and 
Hutton’s A School Chemistry for Today. 


An atom is the smallest particle of an element. 
All atoms of one element have the same chemical 
Each atom in a compound is combined with a s 
number of other atoms. 

In chemical reactions, atoms are neither created noi 


This summary contains the essence of the ideas put forward 
by John Dalton, a Manchester schoolmaster, as his Atomic 
Theory in 1803. We believe that it is still true today, in spite 
of 150 years of continuous advance in science. Admittedly we 
now know that there are smaller particles than atoms— 
protons (+) and neutrons (neutral) which form the nucleus of 
the atom, and electrons (—) which circle round the nucleus. 
We also know that the atoms of one element may have different 

g. ordinary hydrogen atoms have a weight of 

: the atoms of its 


weights 


0 000,000,000,000,000,000,000,00166 gm.; 
isotope heavy hydrogen (deuterium) are just twice as heavy. 
But every discovery made since Dalton has, even if not 
immediately, led to a more complete map of the territory of 
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chemistry, and if the summary about atoms had not been 
correct, the result would have been complete chaos. 

The best reason for believing in atoms is therefore that it all 
makes sense. To take one example of a really great chemical 
discovery—by a Russian, Dimitri Mendeleev in 1869—if the 
elements are arranged in the order of their atomic weights and 
divided into periods of 8 or 18, similar elements are found to 
occur in the same vertical column ; thus, the coinage metals, 
copper, silver and gold, arc in one column ; the inert gases, 
helium, neon, argon, krypton and xenon, in another ; and so 
on. This “ Periodic Table ” (Back End-paper) could not be 
a mere chance arrangement, based on imaginary atoms. 

There is also very valuable physical evidence. Although we 
cannot yet see a single atom, we can see the “ vapour trail ” 
left by one moving atom just as we can see the vapour trail of 
an aircraft too high to be itself visible. And we can also see 
the patterns of atoms in a complex chemical compound by 
means of an electron microscope, which shows that the atoms 
are in the exact places which chemical reasoning had decided 
that they must occupy. 

CHEMICAL SYMBOLS 

An atom of an element is represented, when possible, by the 

front letter of its name, e.g. H represents hydrogen, O oxygen, 

N nitrogen, C carbon. Frequently it is necessary to use two 

letters, and so we get Ca for calcium. Cl for chlorine, Cu for 

copper (Latin cuprum). Metals which have a dilferent name 

in almost every language, e.g. iron, Eisen, fer, ijzer, zhelezo, 

are given symbols from their Latin names where that is 

possible ; Au represents gold, from the Latin aurum, Ag silver 

from argentum, Pb lead from plumbum, Sn tin from stannum, 

Fe iron from ferrum, etc. Two notable exceptions are 

Na for sodium from natron (Egyptian), and K for potassium 

from kali (Arabic). (N.B. In two-letter symbols, the second 
letter is .ALW.A.YS small ) 

CHEMICAL NAMES 

Elements are all called by a single word, e.g. carbon, zinc ; but 
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many common mixtures, e.g. air, wood, glass, and many 

common compounds, e.g. water, saltpetre, soda, also have 
single-word names. 

Common elements ending in -ium are all reactive metals, e.g. 

potassium, sodium, calcium, magnesium, aluminium. 

(N.B. Ammonium compounds, e.g. NH4CI, are derived from 
ammonia, NH3). 

Compounds of two elements have names ending in -ide. 
Hydrogen oxide, HgO Iron sulphide, FeS. 

Sodium chloride, NaCl Calcium carbide, CaCg. 

The only common compounds ending in -ide which contain 
more than two elements are the hydroxides, e.g. sodium 
hydroxide, NaOH, and aluminium hydroxide, Al(OH) 3 . 

Compounds of three elements usually contain oxygen, and the 
commonest of them have names ending in -ate and come from 
-ic acids, e.g. 

Iron sulphate, FeS 04 , from sulphuric acid, H 2 SO 4 . 

Silver nitrate, AgN03, from nitric acid, HNO3. 

Less important compounds containing less oxygen than the 
-ates are -ites, which are derived from the -ous acids, e.g. 
Calcium sulphite, CaS 03 , from sulphurous acid, H 2 SO 3 . 
Sodium nitrite, NaN 02 , from nitrous acid, HNO 2 . 

It is very important to notice the distinction between -ides and 
-ates. 

FeS Iron sulphide KCl Potassium chloride. 

FeS 04 Iron sulphate KCIO3 Potassium chlorate. 

CaCg Calcium carbide Mg 3 N 2 Magnesium nitride. 

CaC 03 Calcium carbonate Mg(N 03)2 Magnesium nitrate. 

Two different compounds which contain the same elements are 
distinguished by the endings -ous (with less oxygen) and -ic; 
H 2 SO 3 Sulphurow.y acid FeO Yqttous oxide. 


H 2 S 04 

Sulphur/c acid 

FC 2 O 3 

Ferrzc oxide. 

Or by the use of Greek numbers as 

prefixes : 

CO 

Carbon wo«oxide 

SO 2 

Sulphur dioxidQ. 

CO 2 

Carbon i/zoxide 

SO 3 

Sulphur /rzoxide. 



CCI4 

Carbon tetrachiovidc. 
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CHEMICAL FORMULA 

It is not essential for the purposes of our course of study to be 
able to write either chemical formulae or chemical equations. 
But since atoms are neither created nor destroyed in a chemical 
change, an equation is often the clearest way of showing what 
happens to each atom ; it is therefore desirable that we should 
understand how scientists have decided what the formulae of 
chemical compounds are. 

Why is iron sulphide written FeS instead of FeSo, or 
S—Fe—S ? 

Why is water given the formula HgO or H—O—H instead of 
HO, as Dalton thought it should be written ? 

The answer is most simply given at the present time as follows : 

id) The relative weights of atoms, which we call their “ Atomic 
Weights ”, can be found directly by using the apparatus 
known as the Mass spectrograph. This acts as a kind of 
merry-go-round, flinging off the lighter atoms further than 
the heavier. This shows that if we give to hydrogen, the 
lightest of all the elements, the Atomic Weight 1, then the 
Atomic Weight of oxygen is 16, that of sulphur 32, of 
iron 56, and so on. 

Turn to the diagram showing Atomic Weights inside the 
front cover for others. If you are thinking of going 
further with chemistry as a serious study, the sooner you 
memorise the Atomic Weights of the common elements 
the easier your studies will be. 

<Z)) The relative weights of the elements which combine 
together can be found. When iron and sulphur are heated 
together and the excess sulphur driven off by heating 
strongly, it is found that 

1 gm. of iron yielded 1-57 gms. of iron sulphide, 
i.e. 1 gm. of iron combined with 0-57 gm. of sulphur, 
or 56 gms. of iron combine with 32 gms. of sulphur. ’ 
We therefore conclude that in iron sulphide, one atom of 
iron with an Atomic Weight 56 combines with 32 units 
sulphur, which is the Atomic Weight of sulphur. Thus the 
simplest formula for iron sulphide is FeS. 
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An easy way of working out the chemical formulae of simple 
compounds depends on knowing the combining power of 
atoms. The chemist uses the word VALENCY for this 
combining power. 

The number of atoms of hydrogen which combine with, or 
replace, one atom of the element is the definition of the word 
valency. 

For example, the valency of chlorine is 1 (HCl), of oxygen is 2 
(H2O), of sulphur 4 or 6 (SO2) and (SO3). 

Groups of atoms, which are known as “ radicals ” also possess 
valencies, e.g. the sulphate radical SO 4 has a valency 2 , as is 
seen from the formula H 2 SO 4 . 

The more important valencies are tabulated below. 

The easiest way of remembering these is to think of the four 


TABLE OF VALENCIES 


VALENCY 


NON- 

METALS 


METALS 


ACID 

RADICALS 


1 

2 

3 

H 

Cl (HCl) 

1 0 (H 3 O. 

1 water) 
S(H,S) 

1 

1 N (NH 3 , 

1 ammonia) 

1 

1 1 

i I 

Na (NaCl) 

K (KOH) 

NH 4 

(ammonium) 
Ag (AgNOj) , 

i 

Ca (CaCla) 

' Mg (MgSO*) 
1 Zn 

1 

Pb 

Cu 

A1 (AICI 3 ) 

0 

i 

J 

i 

NO 3 (nitrate) ; 
HCO 3 

(bicarbonate)! 
HSO 4 1 

(bisulphate) > 
NOj (nitrite) ! 

a03 : 

(chlorate) 

CO 3 

(carbonate) 

SO 4 

(sulphate) 

SO, 

(sulphite) 

PO 4 

(phosphate) 

1 


C (COa, 
carbon 
dioxide) 
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metals with valency 1, and of H—Cl, H—O—H and H— NO3. 
The other important groups have a valency of 2. 

If the valencies are known, then it is simple to work out 
formulae by writing lines, or bonds, to stand for the valencies, 
and joining these up, as follows : 

Sodium nitrate Magnesium nitrate Aluminium nitrate 


Na— —NO 3 
NaN 03 



Mg(N03)2 



—NO 

—NO 

—NO 


A1(N03)3 


3 

3 

3 


Sodium oxide 

"Mo_ 



NaaO 


Magnesium oxide 

Mg/ \o 

MgO 


Aluminium oxide 




AI2O3 

The only other point to be noted is that the atoms of most 
elements which are gases are joined up in pairs to form mole¬ 
cules. We therefore write Og for oxygen gas, Hg for hydrogen. 
Cl 2 for chlorine, N 2 for nitrogen. 


CHEMICAL EQUATIONS 

How to construct an equation 

1. The/ormw/fl? of the reacting substances are written down on 

the left-hand side. Thus, if the reaction is between zinc 

and hydrochloric acid (in a Kipp apparatus, p. 62), we 
write 

Zn -f HCl —> 

2. Similarly, the formula of the products of the reaction are 
written on the right-hand side (zinc chloride and hydrogen) 

-> ZnCla + H2 
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3. Now we must balance the equation, so that no atom appears 
to have been created or destroyed ; this is done by inserting 
a small whole number in front of one or more of the 
formulae. Two molecules of hydrogen chloride are needed 
to produce the two atoms of chlorine and the two atoms of 
hydrogen on the right-hand side. 

The equation now balances, and a sign of equality is put in 
place of the arrow. 


Zn + 2HC1 = ZnCla + Hg 

4. Finally, the equation must be carefully checked to make 
sure that for each element the same number of atoms is 
present on each side of the equals sign. 

HCl /Cl H 

Zn+ =Zn< + I 

HCl \C1 H 


On the left-hand side there is one atom of zinc, and one 
appears on the right-hand side ; similarly there are two 
atoms of chlorine on either side and two atoms of hydrogen 
on either side. The equation is therefore correct. 


Dangers of writing equations 

It would be possible, on paper, to write a balanced equation 

Zn + 2HC1 = ZnHg -f Cl, 

The only trouble is that this doesn't happen ! Nature does not 
“ obey ” statements merely because they are down in black and 
white. We have to take care to know the facts about the 
reaction and make the equation fit the facts. A scientist never 
tries to distort facts to fit a theory. 

The information provided by a chemical equation 

If the atomic weights of all the elements concerned are known, 
a chemical equation tells us the composition of various com¬ 
pounds, and the quantity of one substance obtainable from 
a known weight of another. For example, 

Zn 4- 2HC1 = ZnCl, + H,! 

65 gms. 2(1 4- 35-5) 65 4- 2 x 35*5 2 gms. 
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If an upward-pointing arrow is inserted by a formula, it 
indicates that the substance is volatile and is given off as 
a gas under the conditions of the experiment. 

Similarly a downward-pointing arrow indicates that a sub¬ 
stance is a solid which is precipitated because it is insoluble 
under the conditions of the experiment; for instance 

Fe -F CuSO^ = Cu -f FeS 04 
Iron Copper sulphate Copper \ Iron sulphate 

Normally, a chemical equation will not indicate whether the 
various substances are solids, liquids or gases, nor whether 
they are dissolved or insoluble, nor whether acids are concen¬ 
trated or dilute ; this latter fact has a very important bearing 
on the nature of the products of the reaction. 

Another useful piece of information given by a chemical 
equation is that whenever one “ gram-molecule ” of a gas (i.e. 
the molecular weight in grams) appears in an equation it 
represents a volume of 22-4 litres at N.T.P. (this means 
22,400 c.cs. or mis. of gas at 760 mms. mercury pressure and 

0° C.). A gram-molecule of hydrogen (Hg) is 2 gms., because 
the Atomic Weight of hydrogen is 1. 

Similarly, the gram-molecule of carbon dioxide weighs 

44 grms., for the Atomic Weight of carbon is 12 and of oxygen 

is 16. Since the formula of carbon dioxide is COg, this means 

the molecular weight is 12 + 2 x 16, and therefore the gram- 
molecule is 44 gms. 

If we remember the following Atomic W^eights we can compare 
the densities of gases : 

H = 1 C = 12 N = 14 O = 16 S == 32 Cl = 35-5 

Since the formula for water is HgO, its gram-molecule is 
18 gms., so that water vapour is much heavier than hydrogen. 
Air is a mixture of | nitrogen and i oxygen ; therefore it follows 
that 22-4 litres of air weigh f of 28 -f ^ of 32 = 28*8 gras. So 
water vapour is considerably lighter than air. 



THINGS TO REMEMBER 

This chapter is intended to be helpful for reference purposes, not 
a burden on the memory. If you intend to take up chemistry 
really seriously later on all the facts set out in this chapter must 
become a part of your background, and you must know them as 
readily as you know the answer to twice two, or that letter B 
follows letter A. 

In any case, memorise 

( 1 ) the statement about atoms on the first page of the chapter, 

(2) the symbols of the common elements (Front End-paper), 

(3) the Atomic Weights of carbon, chlorine, hydrogen, nitrogen, 
oxygen and sulphur, 

(4) the distinction between -ides and -ates. 


QUESTIONS ON CHAPTER 6 


1. Write down suitable names for the substances which have these 
formulae 


CuS PbO A1(0H)3 K 2 SO 4 NH 4 CI HNO 3 Ca(HC 03)2 

NaHSOi CO Na 2 C 03 ZnS 04 NH 3 AgzO KI 

H 2 S Mg 3 (P 04)2 HCl MnOa KCIO 3 NaOH 

2. Balance the following equations, and then replace the arrow by 
a sign of equality. All the formulae given are correct and the 
reactions have been described already in this book. 


NagCOa + HCl 
A1 + H 2 SO 4 
H2 4 * O2 
CuO + HCl 


NaCl + H 2 CO 3 

Al2(S04)3 + H 2 

H2O 

CuCla + H2O 
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CHAPTER 7 


WATER AND AQUEOUS SOLUTIONS 

Experiment 55. To reconstitute dried (dehydrated) foods. 

(а) Milk from powdered milk ; take 8 level measures (50 mis.) of 
milk powder, U level teaspoonfuls of sugar and 91 fluid oz. 
(250 mis.) of hot water. Shake the powder gradually into the 
water, stirring constantly, until the liquid looks like milk and 
contains no lumps. 

Does it taste like milk ? 

(б) Scrambled eggs from egg powder ; one level tablespoonful of 
dried egg is equivalent to one shell egg. Stir the powder with 
about double its volume of liquid, but if you want a palatable 
dish use milk, or meat or vegetable stock, never plain water. 
(Hint from Encyclopcedia of Gastronomy, 1944.) 

(c) Take 10 gms. of any of the following foods ; apple rings, dried 

apricots, beans, dehydrated onions, figs, lentils, prunes, sago, 
rice. 

Cover the food with 100 mis. of water in a dish and leave over¬ 
night, covered with a glass cover. (Why ?) 

Next day, pour off the remaining water into a measuring vessel 

and observe how much water has been retained by the food 
material. 

You could wipe the fruit dry after soaking and then re-weigh 
and get a similar result in that way. 

After such experiments, you may be prepared to believe that 
“ you, like the Archbishop of Canterbury, are 59 per cent 
water . The reason is that the chemical reactions necessary 
to life can only be carried out in a watery, or aqueous, solution. 
The cells of all living organisms are characterised by the 
presence of a watery gelatinous fluid called protoplasm. 

Experiment 56. To study the reactions of substances in a jelly 

Make a jelly by mixing together ^ oz. or 10 gms. of powdered or 

leaf gelatine with 20 oz. or 500 mis. of warm water ; leave to soak 

in a warm place for 12 hours, stirring occasionally, until you 
have a warm uniform fluid. ^ 
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Note the high proportion of water. 

Add a little phenolphthalein and washing soda to produce a pink 
colour. 10 mis. of ordinary laboratory phenolphthalein solution 
is enough and the soda solution should be added little by little 
until a distinct pink colour is produced. 

(a) Insert copper wires into each limb of a U-tube into which the 
fluid has been poured and left to cool and form a solid jelly. 
Connect the wires to an accumulator, or a couple of dry cells 
in series, via a switch. 



Fio. 34.—Conduction in a jelly 

Notice the change of colour after a few minutes at one of the 
wires. 

To which terminal is this wire joined ? 
ib) Remove the wires, and sprinkle a layer of salt on top of the 
jelly in the U-tube. Notice how the water leaves the jelly and 
dissolves the salt. 


Impurities in water 


Water is not normally found in a pure state because of its 
ability to dissolve so many other substances. It is purest when 
in the form of vapour such as rises from a road in the sunshine 
after a shower of rain. (What you can see rising from the road 
is not vapour, but condensed vapour or mist. But the invisible 
water vapour is there alongside the mist.) By the same process 
of distillation we can obtain pure water in the laboratory. 

When water comes down in the form of rain, however, it 


brings with it some impurities from the atmosphere ; in fact, 
it washes the air clean. The rain is mixed with particles of soot 
and dust, and has the following substances dissolved in it, 
which are listed in the order of their importance to man : 
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{a) carbon dioxide, which forms carbonic acid, H 2 CO 3 . In 
rain water which falls on calcareous rocks the calcium 
compounds gradually dissolve in it, 

{b) oxygen and nitrogen in small proportions, 

(c) nitrogen oxides, formed by electric discharges during 
thunderstorms, which dissolve to form nitric acid, HNO3. 
{d) sulphur dioxide, in towns and cities where coal is burned. 
This forms sulphurous acid, H 2 SO 3 , which has a very 
corrosive effect on building stone, especially limestone. 


Rain water which has dissolved an appreciable quantity of 
calcium compounds from chalk or limestone districts is hard, 
and wastes expensive soap. Sewage, dung, manure, etc., dis¬ 
solve in rain water, and the latter carries from such materials 
bacteria, many of which are harmful to man, causing dysentery 
and other ailments of the digestive tract. If much of this 
water flows into rivers and lakes, the fish are killed. Even tar 
sprayed on roads has been carried by heavy rain into lakes, 
and this has been known to exterminate every fish in a lake. 

Finally, the water from rivers reaches the sea, which is there¬ 
fore a colossal reservoir, for all the materials that have been 
leached out , i.e. dissolved by rain, from the land ever since 
there was land. The calcium salts (Plate 6) are used for 
making the shells of marine animals and are eventually 
deposited in the ooze of the sea-bed j but 3*6 per cent by 

weight of sea-water from the great oceans consists of salts, 
made up as follows : 


% 

Sodium chloride (common salt) . . . 2-8 

Magnesium salts - • ... 0-6 

Calcium salts . . . . .0-1 

Potassium salts . . . . . OT 

The Dead Sea (Plate 5) contains about 10 per cent of salts. 

Experiment 57. To prepare distilled water. 

Much so-called distilled water is anything but pure. To obtain 

a good quality water the distillate must not come into contact with 

any material which can dissolve in it, however sliehtlv Corks 
rubber, etc., are fatal to purity. & J'- 
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Distil water using the apparatus in the figure. Then test its taste, 
compare with the colour of the original liquid, and test the reactions 
of the water with silver nitrate, to see whether it has any chloride 



Fig. 35.—Distillation of water 


dissolved in it, and with barium chloride to test for sulphates. If the 
original liquid used was a copper sulphate solution and the distillate 
has no taste and gives no white precipitate with barium chloride, 
then it is fairly pure water. 

SOLUTION AND SUSPENSION 

Experiment 58. To demonstrate the effect of a suspension on a beam 
of light. 

Fill a small aquarium tank with clean water and stir into it crystals 
of photographer’s hypo (sodium thiosulphate, NagSaOs) until no 
more will dissolve and a little is left undissolved at the bottom. 
Arrange a strong beam of light from an optical projector so that 
it passes through the tank from end to end. 

When you look at the tank from the side can you see any light in 
the liquid ? 


' 

1 - 

i 

"Hypo & hydrochloric 7 

p 


BcomTJf scattered light 

0 

6- 

—Sulphur suspension — 

Projector 


Fig. 36.—Demonstration of scattering of light by small particles 

When you look from the far end you will see a d azzlin g circle of 
light. 

Next add a beaker of 1-1 hydrochloric acid (equal bulks of acid 
and water), and stir the liquid constantly with a glass rod so that 
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the acid and the hypo mix completely. View the tank again, both 
from the side and from the end. 

Does the liquid steadily become cloudy and a beam of light appear 
in the tank, and does this beam steadily become orange and then 
red, so that when seen from the end it looks like a setting sun ? 
The cloudiness is due to the production of minute particles of 
sulphur. These do not dissolve in the liquid but they are so tiny 
that they cannot sink and they form a suspension in water. 

A solution is a homogeneous mixture of two or more substances, 
usually in liquid form. 

The substance which dissolves is called the solute. It may 

be a solid such as hypo, a liquid such as sulphuric acid, or a gas 
such as ammonia. 

The solvent is the substance which dissolves the solute. Water 

is a very common solvent. Think of the sea, the soap in the 
bath, and the sugar in tea. 

But today many other solvents are of everyday occurrence, 

e.g. rubber is dissolved in benzene to make rubber solution for 

mending punctures, paints in turpentine, lacquer in methylated 

spirit, grease in carbon tetrachloride, nail varnish in acetone, 
and so on. 

When no more solute will dissolve at a particular temperature, 
the solution is said to be saturated. 

Solubility 

“ The solubility of ferrous sulphate, FeS 04 , 7 H 2 O in water at 
50° C. IS 50 gms.” This means that 100 gms. of water at that 
temperature will dissolve 50 gms. of the salt, and that any excess 
added to the water will remain undissolved. Usually, the 
solubility of solids decreases with temperature, and the solu¬ 
bility of ferrous sulphate at 20° C. is 25 gms. 

On the other hand, gases usually become less soluble as the 
temperature rises. This is true of ammonia (NHg), oxygen 
and carbon dioxide, among others. 

Experiment 59. To determine the solubility of potassium chlorate 
in water. 

^ush some potassium chlorate crystals in a mortar, put about 
10 gms. into a test-tube 6x1" and half-fill the tube with water. 
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Put the tube into a beaker of water on a tripod and gauze, with a 
thermometer in the water. If the solubility is required at 40° 

heat the water to about 45°, stirring the 
mixture in the beaker and in the tube con¬ 
tinuously. If all the chlorate dissolves, add 
more until there is an undissolved residue. 

Remove the flame and continue to stir, 
until the temperature reaches 41°, then re¬ 
move the stirrer and allow the residue to 
settle. Pour the solution into a clean weighed 
dish, weigh the dish and its contents, and 
then evaporate the contents of the dish 
Fig, 37.—Determina- cautiously until nothing but solid is left in 
tion of solubility of it. In the later stages of the evaporation 
a solid in water you will have to take great care to avoid loss 

of solid by “ spitting ”. Weigh again. 
Suppose that 50 gms. of the solution yield 6 gms. of solid. 
This means that 44 gms. of water dissolved 6 gms. of solid at 40° 



and that 


100 gms. of water dissolved 


6 X 100 
”44 


13-6 gms 


of potassium chlorate. 

If you have time to repeat the process at temperatures of 
50, 60, 70 and 90° C., and then plot the solubility against 
temperature on a graph such as that shown in the next figure. 



0 10 20 30 40 50 60 70 80 90 100 


Temp, in degrees Centigrade 

Fig. 38.— Some solubility curves 


you can draw a smooth curve through the points, and then the 
graph can be used for finding the solubility at any temperature. 
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The preparation of crystals 

A CRYSTAL is a substance which has solidified in a definite 
geometrical form. It has straight edges and flat sides. Com¬ 
mon salt (sodium chloride, NaCl) has cubical crystals, as one 
can see by examining the solid grains through a lens. One of 
the best examples is sodium sulphite (Na 2 S 03 , 7 H 20 ), which is 
in the form of perfectly regular hexagonal prisms, easily visible 
to the naked eye when picked out from the stock bottle. 

The shapes of crystals depend on the regular arrangement 
of the atoms inside the solid, which can be shown by means 



Fig. 39.—The structure of a sodium chloride crystal 

of X-rays, the atoms of sodium and of chlorine in sodium 
chloride being at the corners of a cubical network (Fig. 39). 

The growing of a single large shapely crystal will therefore 
demand three conditions for its success : 

(i) the particles of the solid must have enough time to diffuse 

through the solution to the correct positions on the grow¬ 
ing crystal, 

(ii) there must be no other crystals, or dust, present on which 
the particles can grow, 

(iii) the parent crystal must be suspended in solution so 

that the particles can grow on it from all sides, including 
the lower. ^ 

Normally, crystals look rather different from the ideal shapes 
because these conditions are not fulfiUed; thus, crystals 
obtained from the bottom of a dish will have been prevented 
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from growing evenly by the glass and by the nearness of their 
neighbours. Also, if a hot saturated solution of copper sul¬ 
phate is cooled rapidly by holding it under the cold tap, a 
multitude of small crystals forms, because the particles of solid 
have been deposited on dust, etc,, rather than on to any one 
crystal which could only grow slowly. Even so, the angles 
between corresponding faces of a crystal will be the same in all 
crystals of the same substance. 

Experiment 60. To grow a large crystal. 

Crush some alum to a fine powder in a mortar and dissolve it in a 
beaker by heating on a gauze and stirring constantly. Go on 
adding alum until there is some solid left at the bottom of the 
beaker. The solution is now SATURATED. 

Allow to cool overnight, without 
allowing any dust to enter the 
beaker. Why ? 

Next filter into three or four clean 
beakers, to provide a greater chance 
of success than if only one ex¬ 
periment were done. 

Hang a single well-formed crystal 
in each beaker by a piece of cotton 
from a glass rod. The crystal 
can be picked from the cooled saturated solution. 

Cover the beakers with a clock glass or sheet of paper to exclude 
dust and put away in an even temperature, free from vibration, 
for a week or more. 

With luck, it is easy to get crystals of an inch in diameter and 
exhibition crystals of potash alum (K2S04,Al2(S04)3,24H20), 
the substance you have been using, have been prepared more 
than 3 feet across. Some fine examples are to be seen in the 
Museum at South Kensington. The largest single crystal of 
a mineral found in nature was 42 feet long and weighed 
65 tons ; this was a crystal of “ spodumene ”, a lithium 
aluminium silicate. 


Fig. 40. 


Paper 

Rod 

Crystal 

Saturated 

solution 


How to grow large 
crystals 



Experiment 61. To watch the growth of crystals. 

If you have access to a low-power miscroscope or a micro-projector, 
you can have much pleasure watching crystals grow. Make a 
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very small quantity of saturated nitre (potassium nitrate, KNO3) 
in a small vessel and add a drop of the liquid on a glass rod to a 
microscope slide which has been warmed in a bunsen flame. 
Transfer the slide QUICKLY to the stage of the microscope and 
focus on the drop. You will see the long, needle-shaped crystals 
quickly fill the field of view. If you have time, it is interesting to 
try many kinds of crystals. 

WATER OF CRYSTALLISATION 

The crystals of many salts obtained from solution contain 
water, which is called water of crystallisation ; the salt is then 
said to be “ hydrated ” or a “ hydrate If a salt or other 
substance has no such water, it is said to be “ anhydrous 
Common salt, and the marcasite which forms the interior of 
the nodules found in chalk, known to the peasantry as thunder¬ 
bolts, are both examples of anhydrous compounds. 

Some crystals, notably washing soda, lose their water of 
crystallisation when exposed to air. They are then said to 
“ effloresce A glance at the cosmetics counter in one of the 
big multiple stores will usually show soda efflorescing. 

Experiment 62. To prepare anhydrous copper sulphate. 

Powder some copper sulphate crystals (CuS 04 , 5 H 20 ) and hold a 

test-tube with a little of the powder in the flame of a bunsen burner 

with a paper strap. Let the tube slope gently downward and heat 

the whole of the tube, so as to prevent the steam evolved from 

condensing and cracking the tube. A white, anhydrous, amorphous 

(shapeless) solid remains. Grind this to powder and divide into 

small portions. To one add pure alcohol, another chloroform, 

another water. The only colourless liquid which restores the blue 
colour is water. 

Experiment 63. Writing in “ invisible ink ”. 

Wipe the thin layer of grease off a new pen-nib and dip it into a 

dilute solution of cobalt chloride in water. How strong ? Go on 

trying until you find a solution that dries almost invisible. If it 

IS faintly pink on white paper, how can it be made quite 
invisible ? ^ 

Next hold the paper with the invisible writing over a bunsen 
burner, or near an electric fire, or any source of radiated heat. 
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and watch the bright blue colour develop. What happens when 
you breathe heavily on the paper ? Such a paper can be used for 
many purposes in biological experiments. If you wish to keep 
such paper it must be stored in a desiccator. Why ? 



NGS TO REMEMBER 


1. The meanings of the words : amorphous, anhydrous, crystal, 

filtrate, hydrated, saturated, solubility, solution, solute, solvent, 
water of crystallisation. 

2. That most solids dissolve more readily in hot water than in cold. 
Common salt is a notable exception. 

3. That gases are less soluble in hot water, and are driven out of 
solution by rise of temperature. 

4. That living organisms are largely composed of water. 

5. That water is a very useful solvent, and the commonest. 

6. That other solvents in common use are petrol, parafiin (kerosene), 

carbon disulphide, carbon tetrachloride and alcohol (methylated 
spirits). 


QUESTIONS ON CHAPTER 7 


1. If some peanuts are cut up small, or minced, and then shaken 

up with ether and filtered, a clear liquid is obtained as a filtrate. 

How could you discover whether this filtrate is ether, or a 
solution of oil in ether ? 

(If you perform this experiment, keep well away from all 

flames, as the vapour of ether mixed with air is most inflam¬ 
mable.) 


2. If you use tin boxes, such as tobacco boxes, for keeping pins 

or nails or postage stamps, you would probably like to remove 

the coloured name of the tobacco. You can do this by rubbing 

vigorously with a rag wetted with methylated spirit. How 
does this “ clean ” the tin ? 


3. Why is it necessary for a farmer to study the weather very 
closely before spreading artificial fertiliser on his land ? There 
may be more than one reason. Think of as many as you can, 
and mention them all, with a few words of explanation. 

4. The following data were obtained in experiments on the 
solubility of sodium sulphate (NagSOJ : 

Temperature (° C.). 0 10 20 30 32-7 35 50 100 

Solubility . . . 4-8 8*3 16*3 290 33-6 33*4 31-8 29-8 

From these figures draw the solubility curve of sodium sulphate 
Point out any abnormal characteristics in this curve. 



The sj^lubility of arnmonium chloride is 64 at 80° C. and 32-8 

Ammonium chloride was added to 50 gms. of water 
at 80 C. until no more would dissolve. What weight of 
ammoniuni chloride will crystallise out on cooling this solution 


6 . 


40 
14-5 


50 
19-7 


100 parts of water dissolve the following parts by weight of 
potassium chlorate (KCIO 3 ) at the temperatures given : 

Temperature (° C.). 10 20 30 

Solubility ... 50 7-1 10-1 

Draw a solubility curve for this salt and deduce from it 

(а) the solubility of potassium chlorate at 45° C 

(б) the weight of water required to dissolve 40’gms of 
potassium chlorate at 25° C. 

95 


60 

260 
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7. Why should goldfish never be kept in a container of the shape 
shown ? 



Why do fish kept in aquaria suffer considerably in hot weather ? 
What shape would you suggest for an aquarium and how do 
you think fish could be made more comfortable in hot weather ? 

8. The Winchester quart bottles in which strong ammonia solution 
is stored are usually provided with screw stoppers. Can you 
give a good reason for this ? 

If strong ammonia solution is kept in a Winchester with a 
ground-glass stopper, the latter may be heard to jump out of 
the neck of the bottle on a hot day. If the stopper did not 
fall back into its place, what would the consequence be ? 

9. Occasionally one comes across a book in which one is in¬ 
structed to heat a mixture of salt and water to make the salt 
dissolve more quickly. Is this instruction reasonable ? Justify 
your answer. 

10. Grease marks may be removed from clothing by ironing the 
mark with a hot iron over a piece of newspaper or blotting 
paper, or by rubbing with a rag impregnated with petrol, or 
by rubbing with a rag soaked in carbon tetrachloride. Which 
method would you use if you had a choice, and why ? 

11. Define the terms solution, solubility. 

Describe and explain what happens when water is added to 
each of the following: {a) quicklime, (Jb) carbon dioxide, 
(c) concentrated sulphuric acid. 

(Oxford Gen. Sci., 1948) 

12. What observations would you make in order to construct a 
solubility curve of a solid such as potassium chlorate ? What 
is the usual effect of temperature on (a) the solubility of a gas, 
and ib) the solubility of a solid ? 

What uses can be made of solubility curves ? 

(London Gen. Sci., 1947) 



CHAPTER 8 


CARBON AND CARBON DIOXmE 

Carbon is an extremely important element because all living 
creatures—plant and animal—are composed to a considerable 
extent of carbon compounds. Most of our fuel and power is 
also obtained from substances which are of organic origin, 
e.g. wood, peat, coal, petroleum, etc. Large numbers of 
drugs, dyes, perfumes, explosives and plastics are synthetic 
carbon compounds. The total number of carbon compounds 
known (about a million) is far greater than the number of 
compounds of all the other elements. 

We have already seen that carbon dioxide occurs in the 
atmosphere as the result of the respiration of living creatures 
and the burning of fuels. Without it, plants would not be able 
to carry out photosynthesis. 

Experiment 64. To demonstrate the carbonisation of wood by 
destructive distillation. 

Heat some pieces of wood (small cotton-reels serve excellently) in 
the apparatus shown. 

Why doesn’t the wood burn ? 



Heat 


Fig. 41. — Destructive distillation of wood 


Can you burn the gas which has been collected ? Ignite it with 
care, using a long taper. 

Soak a piece of filter-paper in the tar and compare its burning 
with that of a piece of untreated filter-paper. 

Examine the solid product and compare its inflammability with that 
of the original wood, using a deflagrating spoon and a jar of oxygen. 
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presence of carbon in a substance. 
Mix the powdered substance with an equal bulk of copper oxide 

glass tube with a delivery tube dipping into lime water. 

AU carbon compounds are oxidised under these conditions to carbon 
dioxide. 

Similarly hydrogen, which is almost always present in carbon 
compounds, is converted to water; this condenses on the cool 
part of the tube and can be tested with anhydrous copper sulphate. 

CARBON AS AN ELEMENT 

Carbon occurs naturally as the element in several more or less 
forms, which the ordinary observer would never suspect 
of being the same substance. Diamond and graphite are fairly 
pure forms of carbon which are minerals, and both can also 
be obtained artificially. Various kinds of charcoal can be 
made by charring ” wood or other forms of animal and 
vegetable matter. In making charcoal, there must be in¬ 
sufficient air to burn the material. Soot and lampblack are 
further forms of carbon produced by incomplete combustion 
of fuels. Open coal fires give us only one-third of the heat the 
coal is capable of yielding, and they were also responsible in 
1948 for an estimated 2 million tons of soot. 

The most abundant form of carbon, coal, contains only about 

85 per cent of the element, but coke, obtained from coal, is purer. 

Different forms of the same element are called allotropes 

and the ability to exist in more than one form is known as 

allotropy. It can easily be shown by experiment that diamond, 

graphite and sugar charcoal consist of carbon alone. The 

differences are now known to be due to different arrangements 

of the carbon atoms ; this has been shown by X-ray analysis. 

(There are also allotropes of sulphur, of phosphorus and of 
oxygen.) 

THE ALLOTROPIC FORMS OF CARBON 
1. Diamond 

Most of the world’s diamonds come from South Africa, and 
most of them are used in industry, not as jewels. It is the 
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hardest of all known substances and is of especial value for 
drilling through rock in search of oil, etc. 

2. Graphite 

^is is used in the “ lead ” of pencils, because it is so soft that 

it easily marks paper. Its atomic structure shows hexagonal 

layers in which all the four valency bonds of carbon lie in the 

same plane. There is therefore little or no attraction between 

one atomic layer and the next, so that graphite is useful as a 

lubricant where oil would not be suitable, e.g. in electric 
motors. 



Fig. 42.—The atomic structure of diamond and of graphite 


For pencils, graphite is mixed with clay, squeezed into the 
right shape, and baked. The greater the proportion of clay 
the harder the lead of the pencil. Graphite, unlike diamond 
and nearly all non-metals, is a reasonably good conductor of 
electricity ; it is therefore used for electrodes and for powder¬ 
ing non-conducting objects which have to be electro-plated 
It IS found native in Cumberland and Ceylon, and is made at 

Niagara by heating coke to a very high temperature in electric 
furnaces. 


3. Amorphous or non-crystalline carbon 

Strictly speaking, these forms are composed of crystals also 

but of less than microscopic size. They differ in their method 
ot preparation and degree of purity. 
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(d) Coke. When heated in the absence of air, coal leaves a 
solid residue after all the volatile matter has been driven off. 
This process is so important for the manufacture both of coal 
gas and of coke that it is described in detail later in this chapter. 
Coke is used in very large quantities for the central heating of 
schools and other large buildings, in the extraction of metals 
from their ores, and in making various gaseous fuels. Its 

principal fault is the heavy choking smell of sulphur dioxide 
which it produces as it burns. 

{b) Wood charcoal is produced when wood is heated in the 
absence of air. It was important for the reduction of metallic 
ores, usually oxides, to the metal. The Ashdown Forest was 
denuded of trees in the reign of the first Queen Elizabeth to 
produce iron for cannon, etc. The discovery that coke could 
be used instead was an important factor in the Industrial 
Revolution in this country, and the production of iron increased 
40-fold between 1790 and 1850. 


Experiment 66, To reduce metallic oxides to metals by using 
carbon. 

The use of a mouth blow-pipe can only be acquired by practice, 
after having been demonstrated by an expert. You must learn how 
to use a blow-pipe before trying the next part. 

Scoop a small conical hole in a charcoal block with an old pen¬ 
knife blade, and fill the hole with lead oxide (litharge). Tamp it 
down level. Then heat the oxide with the tip of the blow-pipe 
flame only, using first the oxidising and then the reducing flame. 
Examine the metallic bead obtained. Can it be cut with a knife ? 
Does it mark paper ? What do you think it is ? 

Mix powdered charcoal with black cupric oxide (CuO) in a test- 
tube fitted with a delivery tube. Heat the tube, and pass any gas 
evolved into lime water. Is any control experiment needed ? 
Examine the solid product for traces of copper ; you can probably 
think of a suitable chemical test. 


(c) Ani _______ 

90 per cent of calcium phosphate as well as 10 per cent carbon. 
Carbon in this finely-divided form is used to remove colour 
from solutions ; brown sugar solution, for example, is boiled 
with animal charcoal to produce the pure white sugar of our 
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modern age. A highly absorbent form of nut charcoal is used 
in the canisters of respirators to absorb poisonous war-time 
gases, such as chlorine. The respirator is of no value in the 
case of carbon monoxide, but affords complete protection 
against sulphur dioxide, ammonia, etc. 

Experiment 67. To absorb dissolved substances from solution. 
Make some animal charcoal by heating bones in a tin in a fire or 
stove. A i-lb. cocoa tin with a hole punched in the top serves 
excellently for this. Bury the tin of bone in the fire for an hour 
and note the flame which shoots from the hole in the lid. 

Crush the resulting brittle mass in a mortar and mix it with 
some diluted ink, or litmus solution, in a beaker, and boil for half 
an hour. Filter, and compare with the original coloured solution. 

Try the same experiment with quinine sulphate and see whether 
the bitter taste is removed. 

{d) Soot and lampblack. The latter is formed when oil or 
turpentine are burned in an insufficient supply of air. It is 
used for making printers’ ink, black shoe polish, and is incor¬ 
porated into rubber tyres to the extent of about 30 per cent to 
reduce wear. 

Soot from domestic chimneys and factories is a coarser form 
of the same sort of carbon. Since almost all of it is com¬ 
bustible, its production entails a needless waste of fuel. It 

hangs as a pall in the sky, shutting out the sun and depressing 
the health of town-dwellers. 

(e) Sugar charcoal. A very pure form of charcoal is formed if 
glucose, or ordinary cane-sugar, is heated in the absence of air. 
The Specific Gravities of the three main forms of carbon are 

Diamond, 3-5 Graphite, 2-5 Charcoal, 1-5 
CARBON DIOXIDE (CO 2 ) 

The proportion of this gas present in air remains almost con- 
stant ; it varies from 3 to 4 parts per 10,000 by volume, or from 
0-03 to 0-04 per cent. It is of vital importance to all living 
organisms, for from it green plants are able to synthesise carbo¬ 
hydrates. The main processes involved in keeping this con¬ 
stant proportion are shown in diagram form in Fig. 43, but this 
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figure is only intended as a summary of the several processes ; 
it certainly does not represent a whole single process. 

LABORATORY PREPARATION OF 

CARBON DIOXIDE 

Experiment 68. 

Marble chips are the most convenient form of calcium carbonate 
(CaCOs) to use, though there is no reason why limestone chips 
should not be used if you live in one of the limestone hill areas 
such as the Cotswolds or Mendips. 

Dilute hydrochloric acid is poured down the thistle funnel on 
to the chips, and a brisk evolution of gas commences at once, 
without the help of any heat. 



Fig. 44.—Laboratory preparation of carbon dioxide 

In Fig. 44 the gas is being collected direct in a gas-jar. This is 
possible because it is much h^vier than air (Sp. Gr. 1 -53 rel. to air). 
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If the gas is required free from air it is better to collect it over 
water. Although the water, at room temperature, dissolves its 
own volume of carbon dioxide, the water is soon saturated with 
the gas and then no more dissolves. 

Experiment 69. To demonstrate the greater density of carbon 
dioxide. 

(a) Blow some soap bubbles with air and drop them into a beaker 
full of carbon dioxide. 

(b) Balance two beakers of equal capacity on a large demonstration 
balance. 

Pour carbon dioxide into one of them. 

(c) Pour carbon dioxide on to a burning taper in a wide gas-jar. 



Fig. 45. Demonstration of the heaviness of carbon dioxide 


Experiment 70. To demonstrate the solubility of carbon dioxide 
m water. 




Invert a jar or tube full of carbon dioxide in a trough of water 

and leave it for an hour. At the end of that time, measure 

how far the water has risen. Remember to level the water 
inside and outside first. Why ? 

Arrange five clean test-tubes in a rack. Add to them 

1. DistiUed water saturated with carbon dioxide, and then 
lime-water. 


2 . Distilled water saturated with carbon dioxide, and then 
litmus solution. 

3. Tap-water saturated with carbon dioxide and then litmus 
solution. 


4. Tap-water and then litmus solution. 

5. Dilute hydrochloric acid and then litmus solution 
Record and learn the results of this experiment 
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(c) FiU with water a beaker of at least 500 mis. Cover a smaU 

bunch of stems of a water plant (Canadian pondweed is best) 
with a funnel and test-tube of water. 

Place the apparatus in bright sunshine for at least four hours; 

this must be either out-of-doors or in a greenhouse. No room 

will serve for this. Side by side place a similar apparatus filled 
with boiled water. 



Gas evolved 


^^2" saturated water 

Elodea Canadensis 
(cut ends uppermost) 

Fig. 46.—Oxygen is evolved by water plants in sunlight 


Collect the gas produced by several of these experiments set 
up by various members of the class into one wide tube, and 
thrust a glowing splint into the gas. 

This experiment is very interesting because it is so full of pitfalls 
for the unwary. To obtain a successful result needs careful 
thought and precise performance and it is a challenge to any 
inexperienced worker. 


EVERYDAY USES OF CARBON DIOXIDE 
1. In refreshing drinks 

So-called soda-water is a solution of carbon dioxide in water 
under pressure. The weight of the gas which dissolves in a 
given volume of water is directly proportional to the pressure. 
This is clearly shown in Fig. 47. 

The flavour of the solution is faintly and pleasantly acid, and 
it is very useful for the aeration of “ soft ” drinks, especially 
if the liquid is given a flavour, a colour and the sweetness 
beloved of schoolboys and girls. “ Soda ” is also used for 
diluting “ hard ” drinks by some people. Soda-water can be 
made quite easily at home with a Sparklet outfit by releasing 
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Pressure in mms. of mercury 


Fig. 47,—Solubility curve of CO 2 in water at 25° C. (after Durrant, 

by permission). 

carbon dioxide under pressure from a small “ bomb ” into 
a bottle of plain water. 

Effervescent salts can also be used as aperients. A small 
dose of Glauber’s salt (sodium sulphate, Na 2 S 04 ) taken 
regularly can be very beneficial, and if it is mixed with a powder 
consisting of a mixture of sodium bicarbonate and a weak 
organic acid such as citric acid, a pleasantly sparkling drink 
with no unpleasant flavour is obtained. 

NaHCOa + HC = NaC + HgO + CO 2 f 

(Since citric acid has a rather lengthy formula, it is convenient 

to represent it by HC, where H represents the hydrogen of the 

acid and C the acid radical, for all acids contain replaceable 
hydrogen and an acid radical.) 

2. In fire extinguishers 

A blaze can usually be quenched by 

either {a) keeping away from it the oxygen of the air, 

or {b) cooling the flame below the ignition temperature of 

the inflammable material. 
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If both these are done simultaneously, extinction of the fire is 
certain. 

The large and bulky extinguishers which often hang on the 

walls of public buildings contain a strong solution of sodium 

carbonate (washing soda, NaaCOg) and a bottle of strong 
sulphuric acid. 



Fig. 48.—One form of fire extinguisher 

When the latter is broken by banging the knob of the 
apparatus on the floor, a jet of foam with CO2 entangled in its 
bubbles can be directed on the fire by the operator, at once 
cooling it and at the same time depriving it of oxygen. 

The smaller and handier type of extinguisher, however, con¬ 
tains a heavy and non-inflammable liquid such as carbon 
tetrachloride (CCI4) or methyl bromide (CHaBr). These do 
not make such a mess as the soda type does. 

3. Refrigeration 

Carbon dioxide is easily liquefied by compression alone, and 
further cooling and compression results in the production of 
a snow-white solid form of carbon dioxide, commonly known 
as “ Drikold ”. When this is exposed to warmth, it turns 
directly into gas, i.e. it sublimes. It is used for ice-boxes 
and is invaluable to the ice-cream industry. 

4. Production of rain 

The production of rain can now be artificially stimulated by 
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Spraying the higher regions of the air with solid carbon dioxide, 
which may be as cold as — 78° C. This causes ice crystals to 
form from the atmospheric water vapour, and when these melt 
they fall as rain. This is now a commercial project. 

5. Storage of fruit 

When apples, etc., are stored in an atmosphere rich in carbon 
dioxide, their rate of respiration is reduced, and they keep 
better and longer. 

6. Baking powders 

There are many materials which evolve carbon dioxide when 
warmed. Perhaps the commonest is yeast, or leaven, a uni¬ 
cellular fungus, which has been used since the beginning of 
recorded time for lightening the bread before baking. Bread 
would, without the “ raising ” of the dough by yeast, be very 
heavy and hard and unpalatable. 

If sodium bicarbonate (baking soda, NaHCOg) is mixed with 
cake mixture, the heat of the oven decomposes it, producing 
carbon dioxide which makes the cake lighter. 

2 NaHC 03 = NagCOg + + CO^ f 

The best experiment you can do to illustrate this is to try 
making a soda cake for yourself, and compare it with a similar 
cake without soda. Can you detect any disadvantage in this 
method of lightening cakes ? 

For further interesting work on the role of carbon dioxide 

in baking consult Rankin and Hildreth’s book. Intermediate 
Domestic Science. 

7. Resuscitation 

Gravely injured people, who are literally at their last gasp, 
may be given oxygen to assist breathing. If a small propor¬ 
tion of carbon dioxide is mixed with the oxygen, the respira¬ 
tory centre of the brain is stimulated to greater activity and 
breathing becomes more rapid. A small portable appiatus 
for this purpose, with a supply of compressed carbon dioxide 
in a small bomb , can be obtained quite cheaply. 
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PRODUCTION OF CARBON 
INDUSTRIAL SCALE 


DIOXIDE ON AN 


It is obvious that for all these purposes a considerable quantity 

of fairly pure carbon dioxide is needed. The principal sources 
of supply are 


{a) the factories which produce oxygen from the air, where 
carbon dioxide is an inevitable by-product, 

{b) the breweries, where enormous quantities of the gas are 
produced in an almost pure state, 

(c) the kilns for the production of quicklime, where large 
quantities run to waste. 

Experiment 71. To investigate the chemical reactions of carbon 
dioxide. 

(а) Its action on lime-water. 

Bubble carbon dioxide through about 100 mis. of lime-water 
in a beaker. The lime-water must be freshly prepared. 

Filter the turbid liquid through a very fine filter-paper and 
scrape the white solid residue into a test-tube. What is this 
fine white solid ? 

To confirm your suggestion, add a little dilute HCl and test 
the gas evolved by holding a rod with a drop of clear lime-water 
on the end in the gas. What happens ? Why ? 

Do you think these equations can represent what you have seen ? 

Ca(OH )2 + CO 2 = CaCOg j + HjO 

CaCOs + 2HC1 = CaCl 2 + H 2 O + COa f 

Pass the gas through a test-tube half-full of fresh lime-water until 
you see something else happen. Divide the resulting solution into 
two parts. Into the first put some fresh clear lime-water, and boil 
the second for two minutes. 

Is it possible for the next two equations to represent what you have 
seen ? 

Ca(OH )2 + 2 CO 2 = Ca(HC 03 )a 
Ca(HC08)2 + Ca(OH )2 = ICaCO^ | + 2H^O 

Ca(HC 03)2 = CaCOg + H 2 O -f COa f 

(б) Its action on caustic soda (sodium hydroxide, NaOH). 

Pass carbon dioxide into a strong caustic soda solution, say 
40 gms./litre, until a solid is formed. 
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Filter this solid and dry it between filter-papers. 

If you have followed the arguments expressed by the equations 
above, you should be able to name this new solid. 

(c) Its action on burning magnesium. 

Fill a gas-jar with carbon dioxide. 

Practise holding a strip of magnesium ribbon in a pair of tongs 
and lowering it into an empty gas-jar without touching the jar. 



Fig. 49.—Burning magnesium in a gas-jar 

If you touch the side of a gas-jar with a piece of burning mag¬ 
nesium, with its very high temperature, you will probably crack 
the jar, and cracking gas-jars is an expensive hobby. 

When you have confidence, ignite the magnesium and lower 
slowly and firmly into the jar of carbon dioxide. Watch what 
happens. 

Shake up some neutral litmus solution with the residue. 
Could these equations represent what you have seen ? 

CO 2 + 2Mg = 2MgO -f C 
MgO H 2 O = Mg(OH)2 



THINGS TO REMEMBER 

1. Allotropes are different forms of the same element; their differ¬ 
ent properties are due to differences in atomic structure. 

2. All carbon compounds are oxidised to carbon dioxide by hot 

copper oxide. Similarly carbon reduces many metallic oxides 
to the metal. 

Carbon + Copper oxide = Copper + Carbon dioxide 
C 2CuO 2Cu CO 2 

3. Carbon dioxide is H times as heavy as air. 

4. The presence in air of 6 per cent of carbon dioxide prevents 
ordinary combustion. 

5. At ordinary room temperature and pressure about 100 mis. 
( 0-2 gm.) of carbon dioxide dissolve in 100 mis. of water, forming 
the unstable carbonic acid (H2CO3). 

6 . Carbonic acid (“ Hydrogen carbonate ”) forms two series of 
salts : 

Calcium + Hydrogen = Calcium + Hydrogen 
hydroxide carbonate carbonate hydroxide (water) 

Ca(OH )2 H 2 CO 3 CaC 03 2HOH 

and 

Calcium + Hydrogen = Calcium 

carbonate carbonate bicarbonate 

CaC 03 H 2 CO 3 CaC 03 ,H 2 C 03 or 

Ca(HC03)2. 

7. Bicarbonates are decomposed by heat to form carbonates : 

Sodium = Hydrogen + Sodium 

bicarbonate carbonate carbonate 

2NaHC03 H 2 CP 3 NagCOa 

8 . Carbonic acid (“ hydrogen carbonate ”) splits up even without 
heating: 

Hydrogen carbonate = Water + Carbon dioxide 

H 2 CO 3 H 2 O CO 2 


no 



QUESTIONS ON CHAPTER 8 


1. Describe the preparation and collection of carbon dioxide in 
the laboratory. 

State and explain what happens when the gas is passed through 
(a) lime-water for a short time, (b) lime-water for a long time, 
(c) blue litmus solution. 

2. Explain how carbon dioxide is {a) removed from, (b) returned 
to, the atmosphere. 

What happens when carbon dioxide is passed over strongly 
heated carbon ? 

3. Builder s mortar is a mixture of slaked lime, sand or ground 
clinker or grit, and water. 

Explain how it becomes hard when it is left in contact with 
air. What do you suppose is the function of the sand ? 

4. When speleologists (explorers of caves) are investigating deep 

caverns, they usually lower a lighted candle. Sometimes the 

candle bums clearly and at others is extinguished. This is 

especially true of limestone districts, where caves occur 
frequently. 

What is the reason for this use of the candle, and what 
makes it necessary ? 

5. The chambers under limekilns are warm places on a winter 
night, but tramps who take shelter in them are sometimes 
found dead next morning. Give a full explanation for this. 

6. There is a cave in a mountain in Italy into which a man may 

walk safely but if a small dog enters it dies. Can you suggest 
an explanation for this ? 

7. It is sometimes said that the reason why flowers are removed 

from rooms in hospitals at night, or sick rooms generally, is 

that the plants give off carbon dioxide at night and might 
injure the patient. ® 

Explain why you think this explanation is reasonable, or not 

111 
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8. A rough test for lime in the soil is to add a few drops of dilute 
hydrochloric acid to a small portion of the soil and watch the 
result. If a copious effervescence results, there is supposed to 
be plenty of lime present. Actually, this is not a test for lime, 
but it does indicate that lime has been present. 

Explain the direct and indirect uses of this test. 

9. Make a list of all the chemical names used in this chapter and 
write down at the side the corresponding formulae. 

10. Devise an experiment to demonstrate visually that when petrol 
bums, carbon dioxide is evolved, and draw a diagram of the 
apparatus you would use. 

11. Describe the laboratory preparation of carbon dioxide, giving 
a diagram of the apparatus you would use. 

How is carbon dioxide absorbed by plants ? 

Describe how carbon dioxide is released to the atmosphere in 
the following circumstances : 

(a) when the plant is eaten by an animal, 

(b) when the plant dies and decays on the surface of the 
ground. 

(London Gen. Sci., 1946) 


12. In what ways is carbon dioxide constantly being added to the 
atmosphere ? 

Describe the apparatus you would use to prepare this gas in 
the laboratory. 

Explain what happens when carbon dioxide is passed into lime 
water (a) for a short time, and (d) for a longer time. 

(London Gen. Sci., 1946) 

13. Why is carbon considered to be an element ? 

Describe experiments (one in each case) to show that (a) carbon 
dioxide contains carbon ; (b) carbon is a reducing agent; 

(c) carbohydrates contain carbon. 

(Oxford Gen. Sci., 1952) 


14. Draw a diagram of the apparatus you would use to prepare a 
specimen of carbon monoxide from carbon dioxide, and describe 

how the experiment would be conducted. 

Describe a test to distinguish carbon monoxide from hydrogen. 
What reactions occur between carbon monoxide and (a) blood, 
(b) oxygen ? In v hat region of a briskly burning fire would 

carbon monoxide be present ? 

(Oxford Gen. Sci., 1951) 
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15. What is a reducing agent ? 

Describe TWO separate experiments which show that carbon 

and carbon monoxide respectively are reducing agents. 

State and explain ONE important use of a reducing agent in 
industry. 

(Oxford Gen. Sci., 1949) 

16. Draw a fully labelled diagram to show how carbon dioxide is 
prepared and collected in the laboratory. Name TWO com¬ 
mercial uses of carbon dioxide. 

Name three ways in which carbon dioxide is constantly being 
added to the atmosphere and explain how it is that the per¬ 
centage volume of the gas in air remains constant. 

(Cambridge Gen. Sci., 1949) 

17. State briefly the nature and origin of coal. 

Briefly describe what takes place and what are the principal 
products when (a) coal is burned in air, and (Z?) coal is strongly 
heated out of contact with the air. 

What is the general name given to the type of process involved 

in (a) and what is the common characteristic of all processes of 
this type ? 

Give an example of a chemical process occurring in living 
organisms in which the end products are the same as in (a). 

(Northern Univ. Gen. Sci., 1951) 

18. Write an account of the element carbon, including 

(a) a brief description of TWO forms in which uncombined 
carbon occurs, 

(Z)) the principal characteristics of TWO important gaseous 
compounds of carbon, 

(c) the name, chief chemical characteristics and ONE im¬ 
portant use of a solid compound of carbon which occurs 
in nature as a rock, and 

(d) a brief description of the processes by which carbon is 
assimilated into living organisms. 

(Northern Univ. Gen. Sci., 1952) 

19. (a) Carbon occurs in various forms such as diamond, graphite 
and sugar charcoal. Describe an experiment to show that any 
TWO of these are different forms of the same element. 

(b) Give an account of the carbon cycle in nature. 

(Northern Univ. Gen. Sci., 1953) 


E 
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20. Describe the preparation and collection of carbon dioxide 
the laboratory. 

What happens when the gas is passed 

(a) over strongly heated carbon; 

(b) into blue litmus solution; 

(c) into lime-water ? 

State TWO uses of carbon dioxide. 

(Welsh Joint Gen. Sci., 1951) 



CHAPTER 9 


ROCKS, BUILDING MATERIALS AND SOIL 

Building materials must be plentiful and cheap. In this 
country possibly the commonest is the baked clay brick, made 
from compounds of silicon. There are parts where the houses 
are built of local stone, such as limestone or calcium carbonate, 
and sandstone or silicon oxide. Of course these stones are not 

100 per cent pure compounds of calcium or silicon, but they are 
largely of these materials. 

CALCIUM CARBONATE 

Many living creatures are able to extract calcium compounds 
from the water around them and use them for building their 
inner skeletons or their outer cases. Marine animals, such 
as crabs, molluscs and squids, do this. The bodies of millions 
of these dead animals (Plate 6) have been fossilised to form 
the chalk of our English cliffs, the Downs and the Chilterns. 
^Vhe^e the chalk has been subjected in the course of ages 
to tremendous pressures, it has been turned to limestone * 
pressure and heat together turn limestone into marble ■ 
where crystals have been formed from solutions of calciurn 
bicarbonate the glass-like calcite is produced. This has the 
very interesting property of double refraction, and it is some- 
tinies called Iceland Spar . One of the commonest London 
building stones is quarried at Portland and is known as Port¬ 
land stone. It is unfortunately badly corroded by the acid 
gases in city smoke. 

Experiment 72. To convert marble to quicklime. 

The essential need for this experiment is to heat the stone to a 

high temperature, about 825° C. With a good bunsen burner this 

can be done by simply holding a very smaU fragment of marble 

with a pair of tongs m the hottest part of the flame. 

It can also be done by putting a lump of marble in the red-hot fire 
oi a slow-combustion stove. 
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If, however, you are fortunate enough to have a furnace, weigh a 
crucible, then half-fill it with small fragments of marble, re-weigh, and 

heat for half an hour as strongly as 
you can and weigh again. 

You will find that every 100 gms. of 
marble yield 56 gms. of residue. 

Allow the residue to cool, put it on a 
watch-glass and add water slowly drop 
by drop until no more water is absorbed. 
Apart from the absorption of the water, 
you will see nothing for a short time, 
but be patient and observe carefully 
the final result. 

Keep the material well away from your 
eyes. 

Because of this property of reacting 
violently with water, the residue is 
called quicklime (“ quick ” is antique 
English for “ living ”). 

Calcium carbonate = Calcium oxide + Carbon dioxide 

CaCOg CaO COg 

Quicklime has been made from chalk by “ burning ” in a kiln 
since Roman times. The modern kiln (Plate 7) similarly 
decomposes the chalk by heat, but to make the process 
economic the kilns are fired by gas and operate continuously. 
An intermittent kiln, with the delays due to alternate heating 
and cooling, would today be quite out of the question. 

After the water has been added to the quicklime, the product 
is called slaked lime. If more water is used, a creamy sludge 
is produced known as milk of lime and if this is filtered a clear 
liquid called lime water is obtained. 

Quicklime + Water = Slaked lime 
CaO H 2 O Ca(OH )2 

Lime is useful in many ways. It is fed in a disguised form 
to poultry to help them produce hard-sheUed eggs; it is 
spread on land to help release mineral plant foods for crops 
and to correct acidity; it is a constituent of mortar used in 
building to bond the bricks and stones together; as a water 
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softener it is cheap and efficient, and it even helps to produce 
the brilliance of your cinema show, for the carbon arcs are 
cored with lime, which produces a white incandescence when 
very hot. You have no doubt heard of the expression “ in 
the limelight 

Experiment 73. To make mortar and to test its properties. 

Mix in a basin some slaked lime and some clean sand, using about 
four times as much of the latter. After thorough mixing, add water 
until a thick creamy mass is obtained. Turn out the muddy 
material on to a flat slab and make a brick-shaped object from it. 
Leave it for a week. 

Repeat this, with the addition of a little salt to the mixture. 
Make a third brick with lime, clean sand and some hair or straw, 
chopped into lengths of about 1 ". 

At the end of the week, try whether the bricks you made are 
equally hard and firm. 

Add hydrochloric acid to each, to test whether any calcium 
carbonate has been produced. Do you think this equation can 
represent what has happened 

Slaked lime -f Carbon dioxide = Calcium carbonate + Water 

Ca(OH)2 CO2 CaCOa H2O 

The purpose of the sand is to admit air to the interior of the 
mortar and permit hardening throughout. The quality of mortar 
varies greatly according to the grade of lime used and the purity 
of the sand. Sea sand may ruin either mortar or cement. 

WEATHERING OF MORTAR 

In time, the weak carbonic acid present in rain dissolves the 
calcium carbonate of mortar, forming the soluble calcium 
bicarbonate which washes away in the rain. Frost also helps 
to disintegrate the mortar. So after a time new mortar must 
be added. This is called “pointing”. The weathering is 
most noticeable on the side of the prevailing wind. 

PORTLAND CEMENT 

There are many different forms of cement, and that used in 
building is the type known as Portland cement. It is made in 
many parts of this country. First, a mixture of chalk and clay 
is made, or perhaps a natural mixture of the two called marl is 
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used. The mixture is broken up with 40 per cent water, 
sieved, and passed to a large slurry tank, where it is kept 
stirred constantly. This semi-liquid slurry is fed into a rotary 
kiln, slightly inclined to the horizontal. In the first stage the 
water is driven off and the solid reduced to small lumps the 
size of a walnut by interior chains. Next the material reaches 
a region at about 800° C. where it is calcined and loses 35 per 
cent of the remaining weight. This loss is due to the expulsion 
of CO 2 and organic matter. In the last compartment the 
material is heated at 1500° C. and reduced to clinker. 

The kiln is about 185 ft. long, lined with fire-brick, and is 
fired by gases formed by burning a mixture of coal dust and 
air. Such a kiln uses about 200 tons of coal a week. 


Slurry 



The sintered material is next milled by steel balls into an 
impalpable powder which can pass a 34,000 mesh sieve. 

When mixed with sand and water, it sets to a very hard mass, 
even under water. Unlike mortar, it requires no CO 2 for its 
setting and it does not weather so readily as mortar. What 
causes it to set is not clear, but the popular explanation is that 
interlocking crystals of a complicated calcium aluminium 
silicate are produced. 

Concrete is made by mixing cement and water with an 
“ aggregate ” of rock or gravel. If bars of iron or steel are 
embedded in the concrete, it is called reinforced concrete. It 
is this material that has made possible the skyscrapers of New 
York. The gravel pits in the Thames Valley have ruined the 
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scenery there, and at Rye Harbour in Sussex there are millions 
of tons of clean beach which the sea has brought round from 
East Anglia and deposited there which is ideal for making 
concrete and artificial stone. 

CALCIUM COMPOUNDS AND THEIR FAMILIAR 
USES 

In addition to the uses in building which have already been 
described, there are— 

1. The use of ground limestone and slaked lime for neutralis¬ 
ing acids in soil. 

2. The absorption of chlorine by slaked lime to make 
bleaching powder. 

3. The use of limestone as a flux in the manufacture of pig 
iron in the blast furnace. It combines with silica to make 
slag. 

4. Magnesium limestone is used for lining Bessemer con¬ 
verters for changing iron into steel. After use, this lining 
is ground into basic slag, and this is a valuable artificial 
fertiliser. 



Fig. 52 . Substances produced from calcium carbonate and gypsum 
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5. Considerable quantities of finely divided precipitated chalk 
are used for making tooth pastes. 

6. Quickhme is used in laboratories for drying ammonia gas 
and dehydrating alcohol. 

7. Milk of lime is used to soften hard water by Clark’s 
process. 

8. Most insects dishke lime and a lime wash is invaluable for 
keeping farm buildings free from pests, as well as making 
them look clean and smart. 

9. Powdered chalk is added to national flour to help provide 
bone-forming minerals. 

10. Many forms of plaster, and plaster-board, are produced by 
using the mineral gypsum (calcium sulphate, CaS 04 , 2 H 20 ). 

COMPOUNDS OF SILICON 

The element silicon is of no importance in itself, but its com¬ 
pounds are tremendously important to man. Its dioxide, 
sihca (SiOg) is the main constituent of sand. It is an acidic 
oxide which exists in the free state in sand, flint and quartz, 
and, combined with basic oxides as silicates. The study of the 
compounds of silicon is both difficult and fascinating. 



Fig. 53.—Structure of flint molecule 


{a) The three-dimensional compounds such as flint form a 
network of atoms. Flint is extremely hard, like diamond, 
which has a similar structure (Fig. 53). This mineral was 
the first used by man ; tools were made from it in the Old 
Stone Age, 500,000 years ago. 
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Other network compounds include complex aluminium 
silicates, in which metallic ions (charged atoms) can be 
washed out and replaced by other metallic ions without 
disturbing the structure ; this is the basis of the “ Per- 
mutit ” water-softening process (see p. 138, §7). 

(b) The two-dimensional layer compounds such as mica will 
peel in thin sheets like graphite (Fig. 42, p. 99). 

Its structure is shown in Fig. 54 ; the negative charges are 
satisfied by positive charges on potassium (K+) and 



Fig. 54.— Structure of mica molecule 


aluminium (A1+++) ions which fit between the layers. 
Mica is used in large quantities as an electrical insulator^ 
and for the translucent windows of closed coal stoves^ 
respirator eye-pieces, etc. Crystals of mica with a diameter 
of 12 ft., weighing 2 tons, have been found. 

(c) One-dimensional long-chain compounds such as asbestos 
have the structuie illustrated in Fig. 55. The correspond¬ 
ing positive ions here are magnesium (Mg) and the sub¬ 
stance is the fireproof mineral used for fire-suits, cookine 
mats, etc. ^ 

Compare its structure with the long-chain paraffin hydro¬ 
carbons. 
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CLAY 

The action of rain and frost on rocks such as granite gradually 
breaks them down into minute particles of clay. From a 
chemical point of view clay is therefore a silicate, but it would 
be wrong to think of it as a simple substance. The weathering 
action on clay can be simply represented as follows : 

Potassium aluminium silicate 

= Aluminium silicate + Sand + Potash 
Felspar (in granite) = Kaolin (china clay) -|- Sand + Potash 

K20,Al203,6Si02 + 2 H 2 O + CO 2 

= Al203,2Si02,2H20 + 4Si02 + K2CO3 

Clays are of various colours, according to the type of 
impurity present, although the most familiar colour is khaki. 
When compressed by earth changes, clay changes to shale and 
slate. 

When mixed with water clay becomes easily malleable and 
plastic, and when baked changes into pottery. Note that this 
change is not reversible. The finest grade pottery made from 
china clay is porcelain. The white china clay or kaolin is 
found in Cornwall. The familiar red brick is made from clay, 
and other things are sometimes added to produce special 
effects. The red of the brick is due to the presence of 4 per 
cent or more of ferric oxide. The Romans in Britain used 
bricks of a peculiar shape and thousands of them were taken 
from their ruined city of Verulamium to build the Cathedral 
of St. Albans, where they can be seen today. Earthenware 
is porous and must be made non-porous by glazing ; this is 
accomplished by coating the article with sodium carbonate or 
lead oxide, which in the kiln reacts with the clay to form a 
layer of the corresponding silicate. 

SAND 

Sand consists of grains of quartz, coloured by irnpurities. Sea 
sand is also covered with a film of salt, which interferes with 
the setting of cements and plasters. Therefore sand for this 
purpose should be either river sand or very well washed sea 
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sand. Over 30 million tons of sand and gravel are used every 
year in this country for making concrete. 

A great deal of sand is also used for making glass, by heating 
a mixture of sand, sodium carbonate and calcium carbonate 
with broken glass at about 1500^ C. to form the compounds 
sodium and calcium silicates thus— 

Sodium carbonate = Sodium oxide -j- Carbon dioxide 

NasCOg Na^O CO, 

Sodium oxide -f- Sand = Sodium silicate 

NaaO SiO, NaoSiOa 

The product is a super-cooled liquid, which can be softened 
when hot and “ rolled ” to make window glass or “ blown 
to make bottles or tubing (Plate 8). 

If the sand used to make the glass is contaminated with iron, 
the glass will have the characteristic green of bottle glass. 
This can be remedied by adding a manganese compound. 

Sodium silicate is a glassy substance which dissolves in water 
when hot, and is then sold as “ water glass It is used for 
preserving eggs, since it forms an impervious layer on the shell 
which seals the air spaces and prevents bacterial action in the 
egg. Water glass has a curious action on glass vessels and if 
you are going to make a “ chemical garden ” it would be well 
to use a vessel which will not be needed again. 

English crystal glass uses potassium oxide and lead oxide as 
the bases. It is heavy and has a high refractive index ; it is 
therefore brilliant, and suitable for lenses and prisms. 

Pyrex glass has a low coefficient of expansion and can there¬ 
fore be heated or cooled without risk of cracking. This 
property is obtained by including the oxide of boron in the 
mixture for making the glass. But one finds in practice that 
such glasses may lose their resistance to cracking with age, and, 
of course, they do not resist fracture by violence. 

It is difficult to study silica experimentally in the laboratory 
because it requires very high temperatures to soften it. Quartz 
melts at 1780 C., that is, 250° C. above the melting point of 
iron. Long periods of time are involved also. It is not sur¬ 
prising, therefore, to find that any apparatus made of pure 
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3 making of coloured glass 
borates instead of silicates. 

Experiment 73a. To make coloured borax beads. 

Bend a piece of platinum wire into a loop of about 0-1" diameter, 
after the wire has been fused into a piece of soft soda glass quill 
tubing. Possibly you will find this has been done for you, since 
platinum wire costs about 25s. a foot. 

Heat the wire in the bunsen flame to redness, dip into a small pile 
of borax (sodium borate, Na 20 , 2 B 203 , 10 H 20 or Na 2 B 4 O 7 , 10 H 2 O) 

on a piece of filter-paper. After use, the 
remainder of the borax must be thrown 
away ; never replace it in the bottle and 
above all, never dip a wire or spatula into 
a stock bottle. Why ? Put the loop and 
borax into the flame and watch it swell up, 
boil and melt into a smooth colourless 
glassy bead. 

Dip the bead while hot into a small pile 
of cobalt chloride so that a tiny grain of 
the cobalt compound adheres, and heat 
again in the flame. The deep blue colour 
is due to the formation of cobalt borate 
(CoO,B 203 ). Other metals which produce coloured beads are 
chromium, copper, iron, manganese and nickel. 

SILICOSIS 

Wherever miners and quarrymen work there are small particles 
of dust formed of silica or silicates. In the open air of 
quarries this is not of great importance, but in the close 
atmosphere of mines the dust enters the lungs of the miners and 
frequently causes silicosis, which brings paralysis, and is some¬ 
times called “ dusty death ”. Much research into the causes 
of this wide-spread crippling disease is needed. 



Fig. 56. — Making a 
borax bead 


fused quartz is very expensive. Th 
may, however, be imitated by using 


SOIL 

The continuous action of water, heat and cold, and living 
creatures causes the rocks of the earth slowly to disintegrate 
and crumble. This provides the material from which soil is 
formed. Soil is not merely powdered rock, but has an 
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admixture of humus and a population of millions of living 
organisms in every cubic inch. Humus is a dark sticky 
material formed from the dead bodies of plants and animals 
and their excreta. The organisms are largely bacteria^ 
although there are also earthworms, insects, centipedes, etc., 
as well. In the rich “ black earth ” of the South Russian 
steppe lands there is as much as 10 per cent of humus whereas 
desert sand contains a negligible proportion. The humus is 
completely driven off by heating the soil or burning it. Most 
of our English soil has a base of clay and is brown or red in 
colour, though some districts are chalky. The cultivation and 
the products of the soil depend, of course, on its make-up. 

The activities of man, greedy for gain and ignorant or care¬ 
less of consequences, entails the destruction every year of vast 
tracts of soil by erosion. This causes the rich soil to be washed 
away to the sea and leaves bare rock or sand where there were 
once fertile lands. South Africa loses every year the equiva¬ 
lent of 300,000 acres (1 per cent of the productive acreage of 

Great Britain). The threat to the world’s food supplies is very 
clear. 

Experiment 74. To test a soil sample for acidity. 

Collect about 2 oz., or 50 gms., of soil free from large stones and 
put it into a small porcelain dish. Add a few drops of 1-1 hydro¬ 
chloric acid and note the consequences. Is there an obvious 
effervescence (“ fizzing ”) ? 

Next place the same weight of slaked lime in the dish and add a 
similar quantity of acid. Is there any effervescence ? 

Finally put a similar quantity of crushed limestone or marble or 
chalk (not blackboard crayon) into a dish and repeat. Is there 
an effervescence ? What does this test tell one about the soil 

If there is no effervescence, does it really mean that the soil is 

acid ? Farmers generally add lime, or ground limestone, if there 
is no effervescence in such a test. 

The modem farmer does not use this test, but a colorimetric 
test based on the pH value of the soil. A very convenient 
outfit for testing the soil acidity is produced by B.D.H. 



THINGS TO REMEMBER 


CHEMICAL NAME COMMON NAME FORMULA 


Calcium carbonate 

Calcium oxide 
Calcium hydroxide 

Calcium sulphate . 

Silicon oxide . 

Potassium aluminium 
silicate . . . . 

Aluminium silicate . 

Sodium silicate 
Sodium borate 


'Chalk 
Limestone 
< Marble 
Calcite 
.Iceland spar 
Quicklime 
Slaked lime 
Gypsum when native 
Plaster of Paris after 
heating 

Keene’s cement 
Sand 
Quartz 
Flint 

Felspar 
Kaolin 
China clay 
Water glass 
Borax 





CaCOs 


CaO 

Ca(OH)2 

CaS04,2H20 

2CaS04,H20 


Si02 


K20,Al203,6Si02 

Al203,2Si02,2H20 

Na 2 Si 03 

Na2B407 


Flint, mica and asbestos are all complex compounds of silicon. 
Glasses are coloured by including small quantities of various 
metallic compounds, e.g. cobalt gives blue, manganese amethyst, 
chromium green, etc. 

The various grades of glass are determined by the basic metal in 
the silicate ; lead gives flint glass, calcium soft glass. Borates give 
a glass that does not expand appreciably on heating. 
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QUESTIONS ON CHAPTER 9 


1. Describe simple experiments you would carry out to determine 
which of three white powders was quicklime, which slaked lime 
and which chalk. 

2. Outline the manufacture of Portland cement, and explain why 
it is called Portland cement. 

What special advantages does this type of cement possess ? 

3. Suppose you found that heating a borax bead in a bunsen flame 
did not give a satisfactory result, what method would you 
adopt to make the bead hotter ? 

If a borax bead were tinged with bottle-green, what would 
you do to make it white again ? 

4. How would you set about measuring the percentages of water, 
humus and mineral matter in a sample of soil ? 

5. If crystals of copper sulphate, ferrous sulphate, etc., are dropped 
into a strong solution of sodium silicate in a glass vessel, 
growths are slowly produced which are of various colours and 
shapes and are commonly known as a chemical garden. What 
do you suppose is the explanation of this growth ? 

6. A tube made of fused quartz can be plunged, red-hot, into cold 
water without cracking. What is the reason for this ? 

7. A certain County Council wished to produce a school playing 
field with an almost horizontal surface from a sloping field. 
The upper part of the slope was therefore bull-dozed on to the 
lower half of the field. Drain-pipes were then laid in a herring¬ 
bone pattern below the surface of the exposed subsoil, which 
was London Clay. 

What sort of material was used for the drain-pipes, and why ? 

The field ” after this treatment took years to grow any decent 

grass and a great deal of money was wasted in trying to persuade 

grass to grow there. Can you suggest why this treatment was 
doomed to failure ? 

8. Draw a sketch of any form of limekiln. 

What are the advantages of lime produced in a modern gas- 

fired kiln over that produced in an old-fashioned coal-fired 
kiln ? 
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9. How would you distinguish a “ light ” soil from a “ heavy ” 
soil ? ^ 

Describe ONE experiment in each case to show (a) the different 

water content, and (JS) the different air content, of these two 
soils. 

(Cambridge Gen. Sci., 1951) 

10. Describe four ways in which earthworms increase the fertility 

of the soil. ^ 

Given a sample of light sandy soil and another sample of heavy 
clay soil, describe an experiment to determine the difference in 
the air content of these two types of soil. 

(Cambridge Gen. Sci., 1950) 

11. If you were provided with three white powders known to be 
quicklime, slaked lime and limestone, describe tests by which 
you would distinguish between them. 

What are (a) mortar, (6) cement ? What happens when mortar 
sets ? 

(Oxford Gen. Sci., 1953) 

12. How are stalactites and stalagmites formed in caves ? 
Describe TWO experiments you could perform with a piece 
of stalagmite to show that it contained calcium carbonate. 
How would you prepare some powdered slaked lime from 
calcium carbonate ? 

(Oxford Gen. Sci., 1950) 

13. Briefly describe the ways in which soil is formed from the 
parent rock. 

What are the main constituents of soil ? Describe briefly the 
part played by these constituents in making a soil suitable for 
agricultural purposes. 

(London Gen. Sci., 1952) 

14. Describe experiments to show that soil contains air, water and 
organic matter. Indicate briefly the importance of these con¬ 
stituents to plants and to animals, such as worms, living in the 
soil. 

(London Gen. Sci., 1947) 

15. {a) State the names of FOUR chemical elements (other than 
oxygen and hydrogen) which are of major importance to plant 
life and which plants obtain from the soil. 

(Z>) For any ONE of these elements, describe an experiment to 
demonstrate that plants do not flourish in its absence. 
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(c) If a green plant is deficient in any one of these essential 
elements, certain symptoms appear in the plant. For any 
TWO of the elements you have named, state what these symp¬ 
toms are. Further, for any ONE of these elements, state its 
chief function in the plant. 

(Northern Univ. Gen. Sci., 1952, Paper II) 

16. What are the main chemical elements taken in by the roots of a 
green plant ? 

Describe how you would carry out an experiment to find the 
effect on the plant of the absence of one of these elements. 
Explain briefly what would be the effect on the plant of too high 
a concentration of mineral salts in the soil. 

(Welsh Joint Gen. Sci., 1953, Paper II) 

17. Describe how nitrogen compounds in the soil are naturally 

replenished, and also why the nitrogen content of the air remains 
fairly constant. 

Name TWO chemical fertilisers, and in each case give a reason 
for its use. 



(Welsh Joint Gen. Sci., 1952) 

Give an account of the characteristics and functions of a good 
garden soil under the following headings : 


(a) its principal ingredients and how they originate ; 

{b) the part played by water, air and bacteria in making the 
soil a suitable medium for plant life. 

(Northern Univ. Gen. Sci., 1950) 



CHAPTER 10 


CARBONATES: 

HARD WATER AND HOW IT IS SOFTENED 


We 


stances derived from it, are useful for combining with acids. 
Potash (potassium carbonate, K 2 CO 3 ), soda (sodium carbon¬ 
ate, NagCOg) and bicarbonate of soda (sodium bicarbonate, 
NaHCOs) are also useful for such purposes. 


Experiment 75. To examine wood ashes for the presence of potash. 
Of old, when the fuel used was wood, the ashes from under the 
cooking pot were used for soap making, because they were found 
to contain a soluble substance called potash. 

If no new bonfire ash is available, burn some wood in the open air 
and collect the light, flaky ash with great care. Shake some up 
with a little water. Test it as follows: 


(a) To a small portion of the liquid add litmus solution. Compare the 
colour of the litmus solution used and the colour of the mixture. 
Has the colour changed at all ? What, then, is present in the 
wood ash ? 

(b) Add a little dilute hydrochloric acid and test the gas evolved 
with lime-water. What gas is it ? 

(c) Dip a platinum wire such as was used in Expt. 73a (if this cannot 
be obtained a nichrome wire may be substituted) into strong 
hydrochloric acid and then heat in the hottest part of the bunsen 
flame until no colour is imparted to the flame. Then dip the 
wire into the ash, or its solution, and heat again in the flame. 
Observe the colour through a cobalt-blue glass. This coloured 
glass cuts off all orange and red and green light, and allows 
only blue and violet light to reach the eye. The violet light that 
you can see is characteristic of potassium, i.e. it is produced only 
when potassium is present in the compound that is being tested. 

Potassium compounds are not common. There are deposits 

in Germany and Alsace and recently large deposits have been 

discovered in North Yorkshire. 

In Napoleon’s day, the nitre (potassium nitrate, KNO3) for 
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gunpowder was obtained by scraping the walls of the Parisian 
cellars, according to Carlyle. The rubbish from the kitchens 
was thrown there with the ashes of the fires. The potassium 
oxide from the latter combined with the nitric acid produced 
by the bacterial decay of the other refuse to form the potassium 
nitrate, which was found as an efflorescence on the walls. No 
wonder these old cities were unhealthy ! 

Potassium is one of the three principal elements needed by 
plants from the soil and its compounds are added, principally 
for fruit formation encouragement, in the form of potassium 
sulphate. 

WASHING SODA (Sodium carbonate, NagCOg,lOHgO) 

The importance of this compound may be judged by the fact 
that the world production is over 4 million tons per annum. 
It is used in industry for making soap and glass and in the 
home for laundry work and water softening. It helps “ wash¬ 
ing-up ” because it makes grease more miscible with water, and 

“ bath salts ” consist of washing soda with scent and colour 
added. 

It loses its water of crystallisation on exposure to air, i.e. it 
effloresces. 

METHODS OF MANUFACTURE OF SODA 

Until the end of the eighteenth century soda was extracted from 
the ashes of burned seaweed. When the French, ringed about 
by a coalition of enemies, needed soda ash, as it was then 
called, Napoleon offered a large cash prize for the best method 
of preparing it. The prize was won by Nicholas Leblanc, and 
his process was used in Europe for many years. The process 
went on in this country longer than was really necessary, 
because of the value of the by-products such as hydrochloric 
acid. You will find that many industrial processes yield more 
from the by-products than the principal product. 

LEBLANC PROCESS 

First, solid salt was heated with concentrated sulphuric acid in 
iron pans, making salt cake and freeing hydrogen chloride. 
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Salt + Sulphuric = Salt cake + Hydrogen 

acid (sodium sulphate) chloride 
2NaCl 2H2SO4 Na2S04 2HC1 

Second, the salt cake was mixed with hmestone and coke and 

heated in a reverberatory furnace. The reactions at this stage 
are represented by the equation 

Salt + Lime- + Coke = Soda + Calcium + Carbon 
cake stone sulphide monoxide 

Na2S04 CaCOg 4C NagCOg CaS 4CO 

Third, the resulting black ash was treated with water to dis¬ 
solve the soda and the latter was then filtered and crystallised. 

SOLVAY PROCESS 

In 1863 the Belgian chemist Solvay introduced a better process. 
First, strong brine was caused to trickle down towers, up which 
a mixture of carbon dioxide and ammonia was forced. Here, 
the action which took place resulted in the formation of sodium 
bicarbonate and ammonium chloride. The former is not very 
soluble and formed a white sludge at the bottom of the towers, 
whence it was removed and dried. 

Brine + Ammonia -f Carbon dioxide 4- Water 

NaCl NHg CO2 H2O 

= Sodium bicarbonate + Ammonium chloride 
NaHCOg NH4CI 

Second, the bicarbonate was heated, decomposing into an¬ 
hydrous sodium carbonate, thus— 

2 NaHC 03 = Na 2 C 03 + -f COg 

For many industrial purposes the anhydrous salt is preferable 
to the crystalline salt. 

In the Solvay process, the only raw materials required are 
salt and limestone, both of which are cheap. The carbon 
dioxide is generated by heating the limestone and the ammonia 
by the action of the resulting ammonium chloride on the lime 
made when carbon dioxide is driven off the limestone. The 
process is therefore most economical and therefore attractive 
to the industrial chemist. 
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MODERN METHOD 


Many old processes have been revolutionised, and new pro¬ 
cesses started, since the use of electricity on a large scale 
became possible. Aluminium can now be produced cheaply 
on a large scale by using electricity, and the modern manu¬ 
facture of soda is another example. 

First, brine is decomposed by electrolysis to produce caustic 
soda solution, at the same time evolving hydrogen at the 
cathode and chlorine at the anode, where these valuable gases 
are collected for use. The equation given below represents 
only the final result of the process. Later, you will learn how 
to understand the intermediate steps of the process. 


2NaCl -f 2 H 2 O 


ELECTRICITY 

= 2NaOH-f Hat -f- Clat 


Finally, carbon dioxide is passed into the caustic soda solution 
and a strong solution of sodium carbonate is formed. 


2NaOH + H 2 CO 3 = NagCOa -f 2 H 2 O 

Experiment 76. To compare the water of crystallisation in different 
specimens of sodium carbonate. 

Spread out some finely-powdered crystals of washing soda on a large 
sheet of paper and leave them for a week, protected from dust. 
Then weigh out 10 gms. of these and 10 gms. of fresh crystals and 
heat each sample in a weighed porcelain crucible until there is no 
further loss of weight. Since the loss of weight is due to driving off 
the water of crystallisation, it is easy to compare their weights. 

Experiment 77. To demonstrate the use of soda as an acid neutraliser. 
Place two porcelain dishes side by side on the bench and pour into 
each 50 mis. of sulphuric acid (or any other acid which is at hand;. 
Into the first dish pour washing soda solution until there is no further 
effervescence. What gas causes the effervescence ? 

Pour caustic soda into the second dish until the acid has been 
neutralised. How do you know when this has happened ? 

Now put a small piece of cloth into each basin and leave for a week. 
What do you find at the end of the time ? 

Bench tops in chemistry laboratories are usually treated with a 
wax polish to prevent corrosion by acids. In addition, a bottle of 
sodium carbonate with a cork stopper is usually kept handy, so that 
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any suspicious pools of liquid can be treated with sodium carbonate 
in case they are acid. 

Experiment 78. To investigate the precipitation of metallic 
carbonates. 

(а) If you live in a hard water district, half fill two gas-jars with 
hard water from the tap. Add a few drops of sodium carbonate 
solution to one, shake it vigorously and allow to stand by the 
other, which has not been treated in any way. This illustrates 
how “ bath salts ” get rid of the hardness of water, precipitating 
the calcium as insoluble calcium carbonate. 

( б ) Treat solutions of lead nitrate, calcium chloride, copper sul¬ 
phate, etc., with sodium carbonate solution. In each case, a 
precipitate is formed. The white lead carbonate is used as the 
basis of most white paint, although it is not prepared in this way. 

Metallic - 1 - Sodium = Sodium -f Metallic 

compound carbonate compound carbonate (insoluble) 
CUSO 4 NagCOa Na 2 S 04 CuCOa 


Sodium bicarbonate (NaHCOg) is produced when sodium car 
bonate solution is treated with more carbon dioxide. 


Sodium carbonate + Carbonic acid 

NaaCOg H2CO3 


Sodium bicarbonate 

2NaHCO, 


The action is reversed by heat because the carbon dioxide is 
driven off. This is similar to the action of heat on calcium 
bicarbonate, q.v. Like all bicarbonates and carbonates, it is 
attacked at once by all acids in solution giving carbon dioxide 
and water (or carbonic acid), e.g. 


Sodium 4 - Hydrogen 
bicarbonate chloride 


NaHCO 


HCl 


Sodium 4- Carbonic 
chloride acid 
NaCl H 2 CO 3 


Sodium bicarbonate is commonly used in 


(a) Baking powder, which consists of a 2/1 mixture of cream 
of tartar and sodium bicarbonate. In the moist cake 
mixture and at the temperature of the oven these react, 
producing Rochelle salt and carbon dioxide. Cream of 
tartar is faintly acid, and Rochelle salt is tasteless in small 
quantities, and colourless. The gaseous carbon dioxide. 
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of course, raises the cake and makes it light. If bicarbon¬ 
ate is used alone, it is decomposed by the heat and raises 
the cake, but it leaves a residue of washing soda which 
imparts a distinct and curious flavour to the comestible. 
{b) Health salts, which consist of a mixture of aperient salts 
such as Epsom salts (magnesium sulphate), Glauber’s salt 
(sodium sulphate) with sodium bicarbonate and citric or 
tartaric acid. There is no action until the water is added 
to the mixture. 

(c) Indigestion mixtures, since indigestion is often caused by 
excess of acid in the stomach. To prevent eructions caused 
by the carbon dioxide, some peppermint or dill is added to 
the bicarbonate ; a substance used in this way is called 
a carminative. 

STALACTITES AND STALAGMITES 

In the previous chapter we saw how rain-water containing 
carbon dioxide in solution attacks mortar, dissolving calcium 
carbonate and forming calcium bicarbonate solution. The 
same thing happens in limestone districts, where the percolat¬ 
ing rain-water drips into caves. When the water evaporates 
the dissolved calcium carbonate is left behind, gradually form¬ 
ing a pendant column of limestone, called a stalactite. In the 
Cheddar caves it has been estimated that an inch of this 
growth takes 400 years to form, and since some of the columns 
are a great many feet in length, some idea of the great age of 
these caves may be obtained. Drops of solution fall to the 
ground below the stalactite and form another erect column 
called a stalagmite. The two often meet to form a continuous 
column, and some of these have actually been removed from 
Wookey Hole caves in the Mendips for building purposes. 

HARDNESS OF WATER 

Water which will not readily give a lather with soap is said to 
be hard. More soap is therefore needed, and this is wasteful 
and expensive. Since the water in most parts of England is 
fairly hard, we ought to know something about it. 
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Experiment 79 . To estimate the hardness of different samples of 
water. 

Prepare a soap solution by slicing about 15 gms. of flakes from a 
tablet of common soap (or the packets of soap flakes that can be 
bought will serve) and dissolve the soap in 200 mis. of methylated 
spirit, making the solution up to 1 litre with distilled water. 

Obtain samples of (a) hard tap-water ; if you live in a soft-water 

district make some water artificially hard by 
passing carbon dioxide through lime water 
until it remains clear, 

(6) tap-water which has been boiled for some 
time, 

(c) water which has been softened by passing 
it through Permutit, or in some other way, 
id) rain-water. 

Measure 25 mis. of the water with a pipette into a conical flask or 
reagent bottle and add the soap solution you have prepared, 1 ml. 
at a time, from a burette. 

Cork the bottle after each addition of soap and shake vigorously. 
When a lather covers the surface of the liquid and persists for a 
minute, observe and record the volume of soap solution you have 
added. 

Using the first record as a “ pilot ” titration, next obtain an accurate 
record. 

Inference, or explanation of observed facts. 

What does the difference between the readings indicate about 
tap-water and rain-water ? Between boiled and unboiled 
water ? 

Did you notice the different appearances of the waters treated 
with soap before they lathered, and can you suggest an explana¬ 
tion ? 

Prediction of the consequences 

{a) Is there any other kind of water which is likely to resemble 
rain-water ? 

ib) Do you know of any other way of precipitating the solid 
formed when the water was boiled ? 

(c) What chemical action takes place when the housewife use 
the cheapest and commonest way of softening water ? 
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Testing the predictions 

Collect or produce samples of water which you think may be 
softer than tap-water and test by titration with soap solution 
as in Expt. 79. 

Acting on your knowledge 

BEFORE making revolutionary recommendations, find out 
tlie cost of the material or process involved. What other 
processes besides washing require soft water ? 

Try making and using some bath salts of your own. 



THINGS TO REMEMBER 


1. Most carbonates are not soluble in water. 

2 . Hardness in water is due to the presence in solution of various 
salts, usually calcium and magnesium bicarbonates or sulphates. 

3. Water which can be softened by boiling is said to be temporarily 
hard ; if it cannot be softened in this way it is called permanently 
hard water. 

4. The action of soap on hard water is represented by this equation : 

Sodium 4 - Calcium = Calcium + Sodium 
stearate bicarbonate stearate bicarbonate 
(Soap) (Hard water) (Scum) (Solution) 

5. A common way of softening hard water (of either type) is by 
adding sodium carbonate ; 

Sodium + Magnesium = Magnesium + Sodium 

carbonate sulphate carbonate sulphate 

NaaCOg MgSOi MgCOg Na2S04 

6 . On a large scale, hardness may be removed by using Clark’s 
process, that is by adding the requisite amount of slaked lime. 

Slaked + Calcium == Calcium + Water 

lime bicarbonate carbonate 

Ca(OH )2 Ca(HC 03)2 ZCaCOg 2 H 2 O 

7. The most modern method is by using a green sandy material, 
which occurs native and can also be manufactured. This is a 
form of sodium aluminium silicate, which for our purposes can 
be regarded as a sodium salt. Its action may be represented by 
this equation : 

Sodium zeolite + Calcium sulphate 

= Calcium zeolite -f- Sodium sulphate 

All that happens is that the sodium and calcium change places, 
and the method is often referred to as the method of base 
exchange. Commonly it is called by chemists a double de¬ 
composition. 


138 



CARBONATES : HARD WATER AND HOW IT IS SOFTENED 139 

After a time all the sodium has been replaced by calcium and then 
the material must be revived by drenching it with salt solution. 

Calcium zeolite + Sodium chloride 

= Sodium zeolite + Calcium chloride 

8. All carbonates yield carbon dioxide when treated with acids. 


QUESTIONS ON CHAPTER 10 

1. After a hot-water system has been installed in a house which 
uses hard water, the householder has to spend money on having 
the “ scale ” removed, when the system has been in operation 
for some years. 

What is the cause of this blocking of the pipes and how can the 
obstruction be removed ? 

2. What is the chief compound in the “ fur ” at the bottom of the 
kettle, and how does it come to be present ? 

What is the simplest way of removing this fur ? 

3. At Knaresborough there is a spring of apparently pure water 

issuing from a rock. Gloves, etc., suspended in this water 

become petrified, i.e. turned to stone, in about a year’s time. 
Explain how this happens. 

4. After a bee sting has been removed, the pain may be relieved by 
applying a little vinegar or lemon juice, while a wasp sting is 
relieved by a lotion of sodium bicarbonate. 

Explain these facts. 

5. Explain why it is a waste of time to add slaked lime to land 
when ground limestone can be used instead. 

6. Mention common uses of sodium carbonate, sodium bicarbon¬ 
ate, sodium stearate, and sodium permutite (or zeolite) and 
explain one of these uses. 

7. For what reason do poultry keepers feed crushed oyster shell 
to their flocks ? 

8. In some parts of England the phrase “ Common, or garden, 
slug would be more apposite than “ Common, or garden 
snail ”. Since these animals are similar in structure and habits, 
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and are distinguished mainly by the shell of the snail, what'do 
you think determines the difference in distribution ? 

Describe a simple experiment with a snail shell to bear out your 
contention. 

9. Addition of bath salts should be limited to a reasonable quan¬ 
tity. Suggest what unfortunate effects might follow the addi¬ 
tion of more than the appropriate quantity to a hot bath. 

10. What antidote would you administer to a person who had taken 
a drink of spirits of salt (hydrochloric acid) ? Remember that 
in an emergency the most appropriate substance might not be 
available, so you should think of some which could be found in 
any house. 

11. Describe fully how you would prepare, from lime-water, speci¬ 
mens of (1) pure water, (2) calcium sulphate, (3) dry chalk. 
What happens when dilute hydrochloric acid is added to dry 
chalk ? 

(Cambridge Gen. Sci., 1952) 

12. What do we mean when we say that water is hard ? Give the 
name of any one substance in water which causes hardness. 
Explain {a) how it gets there, and (b) how it can be removed 
other than by distillation. 

(London Gen. Sci., 1950) 

13. Describe and explain an experiment to show that limestone is 
a carbonate. 

How is limestone used to prepare (a) quicklime, (jb) mortar, 
(c) cement ? Explain how limestone, though insoluble, can 
bring about temporary hardness of water. 

(Oxford Gen. Sci., 1952) 

14. Draw a diagram to show how limestone is converted into 
quicklime on a large scale, and explain why this operation is 
important. 

Describe and explain what is observed when quicklime is treated 
(a) with a little water, (Z>) with excess of water, and when the 
product of (Jb) is treated with (c) a little carbon dioxide, (d) excess 
of carbon dioxide. 

(Oxford Gen. Sci., 1951) 

15. Give an account of the properties of the carbonates and bicar¬ 
bonates of sodium and calcium, and give examples of their 
importance in nature or everyday life. 
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Describe ONE experiment to illustrate a property shared by 
carbonates and bicarbonates, and ONE experiment to illustrate 
a point in which they differ. 

(Northern Univ. Gen. Sci., 1953) 

16. Three unlabelled bottles each contain a white powder, one 
powder being chalk, another quicklime, and the other slaked 
lime. Outline the tests you would perform to identify the 
substance in each bottle. 

Describe briefly how mortar is made, starting from quicklime, 
and explain the setting process. 

How does cement differ from mortar ? 

(Welsh Joint Gen. Sci., 1953) 



CHAPTER 11 


CARBON MONOXIDE, COAL GAS 

AND OTHER FUELS 


FUELS 

Almost any compound of carbon can be burned in air to 
produce carbon dioxide and set free energy in the form of 
heat, i.e, it can be used as a fuel. The nature of solid fuels 
such as wood, coal and coke is considered later in this chapter 
and liquid fuels in the next chapter. Here we are concerned 
with some of the simpler gases which can be burnt. 


CARBON MONOXIDE (CO) 

When carbon and its compounds burn in a really adequate 
supply of air, only carbon dioxide and water vapour are pro¬ 
duced, but it is seldom that enough air is supplied to the flame 





2 C0 + 02= 2 CO 2 







Iron chimney 
with damper 

Stoking hole 

Corrugated iron 
outer case 


Firebrick lining 

Ash hole & extra 
air regulator 


Fig. 57.—A Tortoise heating stove 


for complete combustion, and carbon monoxide is frequently 
produced. Since this gas is colourless and odourless and very 
poisonous, its presence is not often realised. The best pro¬ 
tection against it is adequate ventilation. 

A heating stove, such as the Tortoise coke stove illustrated, 
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forms carbon monoxide which is then burned completely. 
At the bottom of the stove carbon in the form of red-hot coke 
is oxidised to carbon dioxide. 

As this gas passes up over more hot coke it is reduced to 
carbon monoxide. The flickering blue flame on top of the 
burning coke is caused by the oxidation or combustion of the 
carbon monoxide. There is need for a good chimney fitted 
with a damper to control the draught. 

Internal combustion engines never have enough air to burn 
the hydrocarbons of the petrol completely. This is one reason 
why, despite its tremendous use to mankind, its efficiency is 
only in the region of 40 per cent. The exhaust fumes contain 
about 10 per cent of carbon monoxide. Since 1 per cent in 
the air we breathe is liable to be fatal, it is extremely dangerous 
to let a car engine run inside a closed garage. In the crowded 
streets of cities the air has been shown to contain 50 parts in 
a million of the gas, and this may account for the slight head¬ 
ache that people suffer in towns. In tunnels and mines it is 
particularly dangerous, and it is produced as “ after-damp ” 
by explosions in coal mines. The ordinary anti-gas respirator 
gives no protection against carbon monoxide and rescuers have 
to be fitted with oxygen apparatus when they venture into a 
mine after an explosion. 

Experiment 80. Laboratory preparation of carbon monoxide. 

Carbon dioxide is prepared by the action of hydrochloric acid on 

marble, and then passed through a hot iron tube packed with wood 
charcoal. 


Source of COj 

mr 


Charcoal or coke 



Carbon 

monoxide 


Iron tube 


Heat sufficient to 
make tube glow red 


NaOH 

solution 





Fig. 


NaOH 

solution 

58.—Laboratory preparation of carbon monoxide 
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Carbon dioxide + Carbon = Carbon monoxide 
CO 2 C 2CO 

Since it is difficult to make all the carbon dioxide react with the 

carbon, the gas emerging from the tube is passed through a wash- 

bottle of caustic soda solution to remove the excess of carbon 
dioxide. 


Carbon monoxide burns quietly with a blue flame and it has 
no action on lime-water before burning. After burning, the 
contents of the gas-jar turn lime-water cloudy, showing that 
carbon dioxide has been formed. 


Carbon monoxide + Oxygen 

2CO O 2 


Carbon dioxide 
2COo 


PROPERTIES OF CARBON MONOXIDE 


1. Inflammability. The usefulness of carbon monoxide de¬ 
pends on the fact that it burns with a hot flame. It is an 
important constituent of the fuel gases coal gas, producer 
gas and water gas. 

2. Reducing power. It will remove the oxygen from com¬ 
pounds when hot, as it does in the blast furnace in the 
preparation of pig iron. 


SCO —}- Fe203 — 


3 CO 2 + 2Fe 


3. Poisonous nature. Since it is colourless, odourless and 
tasteless it gives no warning of its presence and a person 
breathing it in a concentration of more than 1 per cent dies 
quickly. It unites with the haemoglobin of the blood 
corpuscles, forming the stable compound carboxy-haemo- 
globin, and this prevents the blood from taking up oxygen, 
so that oxygen-starvation follows. The blood becomes a 
pale pink colour, giving victims of the gas the characteristic 
livid appearance. 


GASEOUS FUELS 

For many domestic and industrial uses, gases are better than 
solid fuels. They are easy to control by the turn of a tap or 
valve and they are much cleaner. In industry, the products 
are not contaminated by solid residues and clinker. 




PLATE 1. COAL—THE SOURCE OF 
POWER AND CHEMICALS 


A carbonised plant of fern type of 250 
million years ago (slightly smaller than 
actual size). Such plants formed coal 
which is the chief source of power and 
of chemicals in this country (see pp 

151-152). 


PLATE 2. ATMOSPHERIC OXYGEN 
FOR SEWAGE DISPOSAL 

Compressed air agitates the sewage 
and converts it into harmless com¬ 
pounds such as carbon dioxide* nitrates, 
etc. When untreated sewage is added 
to rivers, it reacts with all the dis¬ 
solved oxygen, leaving none for fishes 
to breathe and so killing them (see p. 
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PLATE 3. METALS ARE 
MALLEABLE 




This bronze shield of about 500 
B.C. from Caernarvonshire was 
beaten or hammered into shape 
(see pp. 44, 244 and 259). 


PLATE 4. HYDROGEN FOR 
MAKING AMMONIA 

In these immensely strong 
“converters” hydrogen and 
nitrogen react together 
under 250 atmosphere pres¬ 
sure to form ammonia (see 
pp. 69 and 185). 
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PLATE 5. BATHING IN 
THE DEAD SEA 














PLATE 3. MAKING GLASS 

TUBING 

Glass cubing in the course of 
manufacture by a modern 
mecfianical process (see d. 

123). 



PLATE 9^’’'AULD REEKIE" 

The City of Edinburgfi under 
Its pall of smolcc (see pp. 37 

and 150). 
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PLATE 12. NITROGEN COMPOUNDS ARE NOURISHING 

Primary Scliool diildren at Winchester drinking milk (see pp. 170. 181). 
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PLATE 13, NITROGEN-FIXING “ 

BACTERIA I 

The root nodules on these < 

plants of English wild white j. 

clover contain nitrogen-fixmg J 

bacteria (see pp. 183. 38). (The ^ 

scale is of inches.) I 




















PLAlE 15. ALUMINIUM FOR LIGHTNESS 

of light alloy made for the Royal Dutch Navy (see p 
resist sea-water corrosion and are Argon-arc welded 
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PLATE 16. ZINC FOR 
GALVANIZING 

A steel girder is galvanized by 
dipping it into a bath of molten 
zinc (see pp. 21. 260). 
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PLATE 17. COPPER COM¬ 
POUNDS FOR SPRAYING 

BANANAS 

Bordeaux mixture, containing 
copper compounds, controls 
fungal parasites which would 
cause leaf diseases and so re¬ 
duce the crop of bananas (see 

p. 255). 
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Producer gas 

By passing a stream of air over red-hot coke in a closed 
cylinder, a mixture of carbon monoxide and nitrogen is formed. 
Since only one-third of the gas is inflammable, owing to the 
large proportion of non-inflammable nitrogen, its heating 
value is much less than that of coal gas, but it is most useful 
in heating the coal-gas retorts, modern limekilns and steel 
furnaces, v,'here it is fed with a forced draught and burns 
completely (Plate 7). 

It is a very cheap gas to produce ; during its production heat 
is given out, so none is needed for keeping the coke red-hot. 


Water gas 

Steam and red-hot coke react to form a mixture of equal 
volumes of hydrogen and carbon monoxide, known as water 
gas. Since both the constituents of water gas are inflammable, 
it is more valuable than producer gas. 

Red-hot coke -f- Steam = Carbon monoxide -(- Hydrogen 

C H^O CO H, 

This reaction, however, cools the coke (it is said to be an 
e»do-thermic reaction, unhke the producer gas reaction, which 
is exo-thermic). It is usual, therefore, to “ blow ” the coke 
to a bright red heat with air, then turn off the air and turn on 
the steam. The workman in charge talks of the “ run ” and 
the “ blow These processes alternate approximately every 
half-minute. The gas is made at most gas-works and is used 
to mix with coal gas for sending into the town mains. When 
petrol is scarce, as it is in this country in war-time, and in poor 
countries always, these gases are used to drive buses ; the 
apparatus is usually hooked on the back of the bus on a trailer. 
Since both producer gas and water gas are easy to make and 
very cheap, as they use mostly coke which is a by-product of 
coal gas and ought to be cheap, they are much used in industry. 
Their calorific value is smaller than that of coal gas and they 
cannot be substituted for it, since the Government has laid 
down standards for coal gas to protect the public. 
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Experiment 81. To make coal gas on a small scale and to identify 
some of the impurities present in crude coal gas. 

Improvise a retort from a 1-lb. treacle tin and a piece of i" metal 
tubing, preferably copper. The joint should be made gas-tight with 
moist clay. If this is too difficult, a wide glass test-tube may be 
used, but it is very liable to crack. In passing, little of the apparatus 
will be able to be used for any other purpose, so it is as well to use 
bottles which are of no great value, or to keep the flasks for use 
on another occasion for this purpose. 

Connect the retort to a flask of cold water, a flask of lead acetate 
solution, a flask of red litmus solution and a pneumatic trough with 
a gas-jar. Heat the retort strongly, with two or three bunsen 
burners and collect several jars of the gas which is produced, reject¬ 
ing the first two. Why ? 

The residue in the retort is coke, flask A contains coal tar, and the 
gas-jar coal gas, which is a mixture of hydrogen, methane, carbon 
monoxide, hydrocarbons, and useless but harmless gases such as 
carbon dioxide and nitrogen. 



Water Lead Red ffcmus 


condenser acetate sol, solution 
for tar 

Fig. 59.—Laboratory model of coal-gas plant 

Test the gas in the gas-jar as follows: 

(fl) Apply a long lighted taper to a gas-jar standing on the bench 
immediately the lid has been removed, and note the quietly 
burning, not very luminous flame. (Why should the taper be 
long, and why should the light be applied immediately after the 
jar has been opened ?) 

(b) Lower a piece of damp lead acetate paper into a jar of gas. If 
it turns brown or black the presence of sulphuretted hydrogen is 
indicated. What happened to the flask B of lead acetate solution ? 
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Test a jar of gas from the mains in the same way. 

(c) ^Va^m a little of the watery fluid from flask A with caustic soda 

solution. Is there a smell of ammonia ? Did the litmus in 
flask C turn blue ? 

(d) Dip a filter-paper in the tar in flask A and ignite it. Do the 

same to a plain filter-paper. Is there any difference in the 
flames ? 

(^) Burn a fragment of coke in a deflagrating spoon and compare 
the mode of combustion with that of a similar fragment of coal. 


COAL GAS MANUFACTURE 

The coal is heated in air-tight fireclay retorts in producer- 
gas-fired furnaces to about 1000° C. Sometimes the retorts 
are vertical and in other works they are horizontal. Each 
position has its advantages and its drawbacks, but modern 
works usually employ vertical retorts. 

Small soft coal is fed into the top of the retort by hoppers 

which hold a measured weight. The coal is heated for 12 hours 

and at the end of that time the sliding door at the bottom of the 

retort is opened and the red-hot mass of coke falls into waiting 
steel trucks. ^ 

Volatile by-products such as naphthalene are collected in 
air-cooled condenser tubes in the open, and tar runs into the 
tar well. Ammonia is removed by a thorough “ scrubbing ” 
with cold water, and sulphuretted hydrogen (HsS) is taken out 
by the purifiers, which contain trays spread with bog iron ore. 

Fig 60 gives a clear and much simplified idea of the process. 


Retort 

Coke 
furnace 
to make\J 
producer 

gas 


Air cooled 
condenser 

Pull-push pump 



Purifier 



- \ 





immmm 

HiM 1 



Fig. 60.—Manufacture of coal gas 


Town main 
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Hydrogen + Iron = Iron + Hydrogen 
sulphide oxide sulphide oxide 

3H2S FegOs FegSa SHaO 

The process is full of fascinating details which cannot be given 
here, and no young scientist should be content untU he/she has 
been conducted round a gas-works. 

The iron oxide is eventually saturated with hydrogen sulphide 
and can absorb no more. It is then removed to the open air, 
where the sulphur is cast out in the form of elementary sulphur 
and the iron oxide is replaced. When the sulphur content 
reaches about 60 per cent the material is sent to the sulphuric 
acid makers. 

2Fe2S3 -f 3 O 2 = 2Fe203 + 6S 
CALORIFIC VALUE OF FUELS 

The quantity of heat produced when a fuel is burned is 
measured by using a fuel calorimeter, one form of which is 
shown in Fig. 61. The powdered fuel is placed in a container. 

Oxygen lead-in tube 

Thick copper current leads 
Bubbles of gas giving heat to water 
Thermometer* 

Nickel crucible with platinum wire which 
ignites small coal when current passes 

Water of known weight 

Fig. 61.—The Darling Fuel calorimeter. Heat generated 

= Wt. of water x rise in temperature 

supplied with oxygen and burned in such a way that the heat 
produced raises the temperature of the water in which it is 
immersed. 

The calorific value of a fuel is expressed in heat units per unit 
of weight, or in the case of a gaseous fuel in heat units per unit 




CARBON MONOXIDE, COAL GAS AND OTHER FUELS 149 


of volume. In the laboratory it would be expressed in calories 
per gram, but these units are too small for the workaday world. 
Instead, we use British Thermal Units per pound, or Therms 
per lb., or pounds per Therm. 

A British Thermal Unit (B.Th.U.) is the quantity of heat 

required to raise the temperature of 1 lb. of water through 

1 Fahrenheit degree, and a Therm is equal to 100,000 British 
Thermal Units. 


Gas is sold to the public by its calorific value, not by its 
volume. Here are some calorific values, expressed in 

B.Th.U./lb. 


Wood . 

Coal 
Coke . 
Benzene 
Coal gas has 


8,000 - 9,000 
. 13,000-15,500 

. 12,000-14,000 

. 18,000 

a value of 450-500 B.Th.U./cubic foot. 


Expressed in another way, 1 Therm of heat is produced by the 
complete burning of 


12 lbs. 

10 lbs. 

7 lbs. 

5 lbs. 

5 lbs (200 cub. ft.) 
2 lbs. (400 cub. ft.) 


Wood 

Peat 

Coal or coke 
Petroleum 
Coal gas 
Hydrogen 


COMPOSITION OF COAL GAS BY VOLUME 

Since coal gas is a mixture, the proportion of its components 
can vary widely. The figures given are very approximate 
Usually, especially in winter, the works dilute the coal gas with 
water gas, and this practice alters the composition still more. 


Hydrogen 

Methane 

Carbon monoxide. 
Hydrocarbons 
Diluents, e.g. nitrogen 



50 

30 

10 

5 

5 
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BY-PRODUCTS OF COAL GAS MANUFACTURE 

1. Ammonia and ammonium sulphate. From about 23 mil¬ 
lion tons of coal used every year in this country for the 
manufacture of coal gas, nearly 70,000 tons of ammoni um 
sulphate are produced, by neutralising the ammonia with 
sulphuric acid. Ammonium sulphate is a very useful and 
common nitrogenous fertihser. 

2. Sulphuric acid. From the residues of the purifiers, sulphur 
dioxide can be made, and this can easily be turned into 
sulphur trioxide and sulphuric acid. 

3. Coal tar. The 1^ million tons of coal tar produced 
annually in this country form a source of an enormous 
number of derivatives. Among them are benzene, which 
can be used as a substitute for petrol, creosote for preserv¬ 
ing wood, carbolic acid or phenol, naphthalene and toluene. 
From the components of coal tar a host of useful substances 
is derived, among them aspirin, scents, dyes and explosives. 
Over 2000 different compounds have been made from coal- 
tar. 

THE MIS-USE OF COAL 

When coal is burned in an open fire, these coal tar by-products 
are wasted. They enter the air in the form of smoke, and line 
the chimney with soot. The proportion of the heat of the coal 
which enters the room from an open fire is only 15-20 per cent, 
the rest is lost into the atmosphere. The comfortable and 
romantic appearance of the coal fire is the excuse made for 
continuing this wasteful and unhealthy practice (Plate 9). 

OTHER USES OF COAL 

(a) Low-temperature carbonisation. At about 500® C., coal 
heated in retorts gives off a smaller volume of better 
heating-quality gas. The solid residue is not coke, but 
a substance which resembles coal in appearance and is 
therefore called “ Coalite ”. 

(b) Hydrogenation of coal. For almost twenty years coal, or 
creosote, has been heated at high pressures and tempera- 
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tures to convert it into oil. Catalysts are employed in this 

process. It is a rather expensive process, but if the world 

supplies of oil are exhausted before the coal, it may be of 
great importance. 

(c) Generation of electricity. The advocates of this extremely 
convenient form of energy are apt to forget that only 

20 per cent of the energy stored in the coal is rnade available 
by this method of using it. 

i^d) Underground gasification. In places where coal seams are 
very thin, it may not be economic to mine it, but gas can be 
made in situ and brought to the surface. 

The methods of burning vary greatly in efficiency. Efficiency 

means the ratio of the heat actually used to the heat which is 
stored in the fuel consumed. 

Open coal hearth . 

Efficient gas fire 
Closed coal or coke stove 
Electric radiator 


0 / 

/o 

. 15-20 

. 50-60 

. 100 (but see above) 


THE NATURE OF SOLID FUELS (Plate 1 ) 

Wood consists for the most part of cellulose and lignin. Coal 
was formed by the gradual decay of swamp vegetation. All 
fuels contain a high proportion of carbon. As the proportion 
of carbon increases, so does the calorific value. 


Celluloses 
Pine wood 
Peat . 
Coal . 
Anthracite 


% carbon 
44 
50 
55 
85 
93 


% hydrogen 
6 
6 
6 
5 
3 


% oxygen Cals./gm. 
50 4150 

43 5000 

37 5500 

9 8200 

3 8700 


All these fuels contain small proportions of other elements 
and of water. Nitrogen is there and appears in coal gas as 
ammonia, and so is sulphur. In the ash there are oxides of 
iron, silicon, and aluminium. If the coal has been properly 
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Fig. 62.—The use and mis-use of coal 


cleaned, the proportion of ash will be small, but today there is 
a considerable quantity of stone mixed with the coal and the 
proportion of ash may be quite large. The proportion from 
coke is always higher, since an inferior coal is used for coal gas 
manufacture. 





THINGS TO REMEMBER 

1. The properties of carbon monoxide : colourless, odourless, 

burns with a blue flame, reduces oxides to metals, poisonous, 

very slightly soluble in water, almost the same density as air (very 

slightly lighter), does not support combustion, is absorbed by 

ammoniacal cuprous chloride, forms carboxy-haemoglobin with 
blood. 

2. The properties of carbon dioxide : colourless, odourless, does 
not burn, does not act as a reducing agent, heavier than air, 
dissolves in water to form a very weak acid (carbonic), turns 
lime-water turbid and then clear. 

3. The production and nature of producer gas, water gas and coal 
gas. 

4. The manufacture and purification of coal gas. 

5. The definition of the British Thermal unit and the Therm. 

6. The meaning of calorific value. 

7. An open fire of coal gives 18 per cent of the original energy of the 
coal. 

An electric radiator gives 20 per cent of the original energy of 
the coal. 

A coal fire pollutes the air and an electric radiator produces no 
pollution. 

Gas fires and coke stoves give 40 per cent as weU as valuable 
by-products. 

Closed coal stoves give 60 per cent and some smoke and 
pollution. 
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QUESTIONS ON CHAPTER 11 


1. How would you prepare and collect carbon monoxide ? What 
happens when {a) it is burnt, (6) it is passed over heated copper 
oxide, (c) it is absorbed by blood ? 

2. When rescuing a person from a burning building, one is taught 

to tie a wet cloth over the nose and mouth and to keep as close 

as possible to the floor. What are the reason for these instruc¬ 
tions ? 

3. What is a hydrocarbon and what is a carbohydrate ? Mention 
two examples of each. 

4. A 2-year-old child (weight 30 lbs.) sucked at a 10-metre length 
of 1-cm. diameter rubber tubing which had been used for light¬ 
ing a fire with a gas poker; he then fell to the ground almost 
unconscious. What is the maximum volume of carbon mon¬ 
oxide he could have sucked in ? If the effect is propor¬ 
tional to the body weight of the subject, what would be the 
result of your breathing in one gas-jar full of carbon monoxide. 

5. What would you expect to see in a person who had been breath¬ 
ing in carbon monoxide ? What treatment would you give 
him/her ? 

6. Give an accoimt of the coal gas industry. What substances 
does it produce and how are they used ? What advantages 
would follow a greater use of gas ? 

7. Compare the burning of coal in an open fire grate with the heat¬ 
ing of coal in retorts at the gas works, referring to the products 
and residue in each case. 

What are the advantages and disadvantages of slow-combustion 
stoves compared with the open fire ? 

(Cambridge Gen. Sci., 1949) 

8. Describe briefly how coal gas is manufactured on a commercial 
scale. 

Draw a simple diagram of a laboratory experiment to illustrate 
the process. 

Explain in detail why it is less economical to bum coal in a 
domestic grate than to use it for the manufacture of coal gas. 

(Cambridge Gen. Sci., 1952) 
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9. Petrol contains substances which are compounds of carbon and 
hydrogen. What would you expect to be formed when petrol 
burns ? Devise an experiment by means of which you could 
prove in the laboratory that these substances are actually 
formed when petrol burns. 

Running a motor-car engine in a closed garage often leads to 
fatal results to persons in the garage. Explain as fully as 
possible why this is so. 

(London Gen. Sci., 1953) 

10. How are {a) coal gas, {h) producer gas, manufactured on a large 
scale ? 

Enumerate the useful, the obnoxious and the diluent gases 
present in the raw gas from the retorts and describe how TWO 
of the chief impurities are removed. 

(London Gen. Sci., 1947) 

11. (i) Describe briefly the method of manufacture of coal gas. 
State the names of THREE gases you would expect to find in 
coal gas. What gases are commonly removed from coal gas 
before it is supplied for household use. 

(ii) Name ONE important liquid by-product in the manufacture 
of coal gas and state its use. 

(Northern Univ. Gen. Sci., 1952) 

12. Describe briefly how coal has been formed. 

Write a simple account of the manufacture of coal gas. (No 
details of purification are required.) 

Describe and explain the effect on the human body of inhaling 
coal gas. 

(Welsh Joint Gen. Sci., 1953) 

13. What is (a) producer gas, {b) water gas, and how is each of these 
fuels made ? Discuss their relative advantages as fuels. 
Describe and explain what would be the effect on the human 
body of inhaling ONE of them. 

(Welsh Joint Gen. Sci., 1952, Paper II) 



CHAPTER 12 


SIMPLE ORGANIC CHEMISTRY 
OIL, FOOD, CLOTHES, PLASTICS AND ALCOHOL 

Most everyday substances, especially fuels and foods, are 

compounds of carbon, and their study is known as organic 
chemistry. 

One large class of compounds, the paraffin hydrocarbons, which 
contain only carbon and hydrogen, is found in petroleum, 
the mineral oil which occurs in many parts of the world, the 

U.S.A., U.S.S.R,, Iraq, Iran, Burma and Venezuela being 
the chief sources today. 

METHANE 

The simplest compound in this series of paraffin hydrocarbons 
is methane (CH4), which is formed whenever more complicated 
compounds of carbon and hydrogen split up or decay in the 
absence of oxygen. It is found in coal gas and wood gas made 
by the destructive distillation of coal or wood; it is “ fire¬ 
damp ”, the explosive gas of coal mines ; it is “ marsh gas ”, 

“ sewage gas ” and also the “ natural gas ” which occurs in 
many parts of the world either alone or in association with 
petroleum. 

BUTANE 

Propane and butane are both produced during distillation or 
refining of petroleum. 

Butane is colourless, odourless, heavier than air, burns readily 
with a hot flame and is easily liquefied at normal temperatures. 

It is therefore very suitable for use as bottled gas and is sold in 
thin steel bottles under such names as Calorgas and Bottogas. 

It is very useful in those parts of the country where town coal 
gas supplies and electricity are not yet available, in caravans, 
yachts, etc. A 32-lb. bottle of Bottogas is 18" high and 12' 
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in diameter and one bottle lasts a small laboratory two months 
for normal use. 

On complete combustion with a plentiful supply of air the 
reaction which occurs may be represented by the equation 

Butane + Oxygen = Carbon dioxide -f- Water 
2C4H10 I3O2 8CO2 IOH2O 

If the air supply is inadequate some carbon is set free as soot 
or as carbon monoxide ; it is therefore essential that any place 
in which the gas is used should be well ventilated. 

Butane is much heavier than air, and if it escapes it falls to 
the ground. Since it is so inflammable, an escape on any large 
scale would be dangerous, and to give warning of its presence 
an unpleasant odour is mixed with it. Here are some interest¬ 
ing facts about butane and coal gas. 

Specific gravity taking air as the standard . 1 •9-2-1 

Boiling point of liquid butane . . . 30° F. 

Cubic feet per pound of liquid butane . . 6*7 

B.Th.U. per cubic foot. .... 3200 

Volume of air needed for complete combustion 
of 1 cub. ft. of butane.30 cub.'ft. 

COAL GAS 

B.Th.U. per cubic foot. .... 500 

Volume of air needed for complete combustion 

of 1 cub. ft. 4.7 cub. ft. 

A carbon atom is always linked by 4 other bonds to other 

atoms, that is to say, its valency is 4. A hydrogen atom is 

linked by only one bond. The formulae of the first three 

members of the paraffin hydrocarbon series may therefore be 
written 

H H H 

H—C—H H—C—C—H 

i I I 

H H H 

Methane CH^ Ethane C 2 H 6 


H H H 

H—C—C—C—H 

H H H 
Propane CgHo 
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Fig. 63.—Products from petroleum. 
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The first four of the series are gases, those with 5 to 15 carbon 
atoms are liquids, and the largest molecules form solids. 
They all occur together in petroleum, but can be separated by 
distillation to form a large number of useful products which 
are shown in the Fig. 63 (pp. 158-9; see also Plate 10). 


FLAME 

All the petroleum hydrocarbons will burn if the conditions are 
suitable. Paraffin (kerosene), lubricating oil, vaseline and 
candle wax are quite safe things to have about the house, 
whereas petrol (gasoline) can be very dangerous. 

Everyday experience of fire-lighting suggests that three 
things are needful for burning to take place: {a) fuel, 

(h) sufficient air, (c) a sufficiently high temperature. 

Experiment 82. To study the flame of a bunsen burner. 

(a) Close the air regulator, turn the gas on fully, light the burner 
and draw the appearance of the flame. This is difficult in day¬ 
light and is best done in a darkened room. Fig. 64 was drawn 
in the dark. 



No air Full air 

Fig. 64.—Flames in the dark 


(b) Now gradually open the air hole at the bottom of the burner and 
draw the flame obtained when the regulator is fully open. List 
all the differences between the two flames that you can see. 

For a proper understanding of the flames we must find out what 
happens in the three distinct zones P, Q and R. 

Can you suggest what happens ? 


Experiment 83. To study the zones of a flame. 


Push a pin through 
head, as in Fig. 65. 


red-neaaea maicn aooui i cm. ociuw u«/ 
Using the pin as support, hang the match 
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in the centre of the bunsen tube, with the air cut off, turn the gas 

on fully, and light the bunsen. Gradually increase the air 

supply and observe when the match ignites. How much of it 
burns ? 

If it does not ignite, push the pin through the match 2 cms. below 
the head and try again. 



Fig. 65.—How to support a match in a bunsen tube 

(6) Heat a beaker of cold water for a few minutes in direct contact 
with a luminous bunsen flame and then examine the bottom of 
the beaker. Compare the effect with that produced by a non- 
luminous flame. In both cases, remember that sudden heating 
of a beaker will crack it. What is present in zone Q ? 

Experiment 84. To study the meaning of ignition temperature. 
Heat a thin metal meat skewer or knitting pin to redness in the 
flame. (It is as well to hold the metal in a duster or a paper strap. 
Why ?) Keep the metal in position ; turn off the gas and immedi¬ 
ately turn on again. Repeat, turning off the gas for two or three 
moments or more. 

Next touch the wick of a candle with the hot metal, the head of a 
match, etc. 

What can you now say about the ignition temperatures of coal gas, 
candle wax and a match head ? 

Revise the experiments in Chapters I and II of Introductory General 
Science, Book I, and see if you can explain them all. 

Experiment 85. To demonstrate that carbon dioxide and water 
are produced when petrol burns in air 

The apparatus shown in Fig. 66 is set up and the calcium chloride 
tube weighed. The lime-water used must be freshly made. 

The aspirator is allowed to operate so as to draw a slow stream of 
bubbles of air through the apparatus. One advantage of drying 
gases by means of strong sulphuric acid is that the rate of flow of the 
gas can be adjusted by watching the bubbles rising in the liquid. 
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Fig. 66.—To show that burning petrol produces carbon dioxide 


By means of the caustic soda the carbon dioxide in the air is removed 
and the air is dried by the sulphuric acid. The first flask of lime- 
water shows that the air is free of carbon dioxide. 

Can you write an equation for the action that goes on in the first 
flask ? 

In an experiment the following result was obtained for the weight 
of the calcium chloride tube before the experiment and after it had 
been going on for five minutes. 

gms. 

Initial weight of calcium chloride tube = 101*77 

Final weight of anhydrous calcium chloride tube = 101*83 
Gain in weight = 0*06 

This gain in weight seems very small. Why is it reasonable that it 
should be small ? 

The principles involved in this experiment are quite simple, but 
carrying out the experiment needs care and intelligence. 

Rubber stoppers should be used for all the flasks and the bell-jar, and 
the latter should be slightly greased down on to the ground glass plate. 
The petrol lighter should be placed in position at the last moment, 
and it is wise to test the rate at which the air must flow through the 
apparatus in order to keep the petrol burning. If the rate of flow 
is too fast, the air will not be properly dried by the calcium chloride; 
if the flow is not fast enough the flame will flicker and die. 


LIQUID FUELS 

The commonest liquid fuels are alcohol, petrol or gasoline, 
paraffin or kerosene, and diesel oil. All but alcohol are 
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obtained by the distillation of petroleum and are mixtures of 

hydrocarbons of the paraffin series. These have a general 
formula QHgn+a- 

Alcohol is not, at present, used to any great extent. It can 
be used in a small lamp, in which it burns with a non-luminous 
and almost invisible and very hot flame. It is also used for 
priming Primus stoves, blow-lamps and Christmas puddings. 

Petrol, or as it is called in the U.S.A., gasoline, or simply gas, 
is very volatile, has a low flash-point, and when its vapour is 

mixed with the ripht nrr»r»ortir»n r\f oiV -1_ 



Removable 
front 


Observation 
slits 



Heated 


air 


Fig. 67. 


Valor oil convector Fig. 68.—Heating action 

(By courtesy of the Valor Company Ltd.) 


violently upon ignition. It is used in this way as the fuel of 
the internal combusion engine (Chapter VII, Introductory 
Science^ II), but the properties mentioned make it a dangerous 
fuel for any other type of burner. 

Paraffin, however, is heavier, less volatile and has a much 
higher flash-point. The hydrocarbons in the mixture sold as 
paraffin vary from C^H^o to When burned with a 

small supply of air the flame is luminous and very sooty and 
not very hot and in the older type of stove using a cotton wick 
this was the type of flame obtained. Such stoves also pro¬ 
duced a smell which can be nauseating. In modern stoves 
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complete combustion is the aim, for only when this state is 
attained will the flame be smokeless and odourless. 

These modern stoves, such as the Valor convector, are 
really efficient. The burner admits a large air supply, so that 
the flame is blue and non-luminous and very hot. The lamp 
is surrounded by a steel framework so designed as to absorb 
the maximum of heat from the burner and to distribute the 
heat mainly by convection (Chapter IV, Introductory Science^ 
II). In the modern house, with its cold composition floor, 
such a stove is a real boon, for it warms a small bedroom or 
bathroom quickly and can be used for airing clothes. Above 
all, it is easily portable. Such a stove can be used for a week 
on little more than a gallon of paraffin, costing in 1953 1 j. \0d. 
to 2s. per gallon according to quality and the district in which 
you live. This is indeed cheap space heating and the stove 
itself is inexpensive, and so many people have discovered their 
advantages in this modem age that they are not at all easy to 

buy! 

COST OF SPACE HEATING 


1 

1 FUEL 

1 

1 

COST OF 
FUEL 

1 

___1 

COST IN 
PENCE PER 
THERM 

1 

COST 

effiotncy compared 

WITH OIL 

Coal 

Coal gas 

Electricity 

OU 

£6 per ton 

23'Si/./Therm 
l*7i/./Unit 
l5. lOc/./gall. I 

5-25 

23-5 

49-7 

13-8 

( 

20 1*9 

50 3-4 

100 3-6 

100 1 

1 

4 


These figures are based on prices in South-Western England 
during 1953. ^ , , 

So the use of oil for background heat is an econoimcai 
proposition. Moreover, the stove is portable, needs neither 
pipe nor flex, it cannot “ gas ” the user, nor give a shock. 

It is ideal for bathroom use. . 

The schoolboy of today is often consumed with passion 

aero-modeUing, and uses miniature engines which may 

either of the ignition type or diesel type. The former fuel is 
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ignited with an electric spark and the latter by pressure alone. 
These fuels are mixtures. 


For ignition engine 

1 

For diesel engine 

1 1 

j 

Methanol, CH3OH 

Diesel oil, C14H30 1 

Castor oil, C18H34O3 

% 

i 

Castor oil, C18H34O3 

__ 1 

Nitromethane, CH3NO2 

* 

1 

1 

Ether (C2H5)20 j 

» 

« 


Two other devices which use paraffin should also be mentioned, 
the Primus stove and the blow-lamp. The latter can also be 
adapted to use petrol. The liquid is first vaporised in the tube 
leading to the jet by heating with methylated spirit. This is 
called priming. The fuel is then forced out from the reservoir 
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Fig. 69.—Model aero-engine (diesel type) 


by pumping in air. The vapour issuing from the jet carries air 

with it, and the mixture of paraffin vapour and air burns with 

a roaring non-luminous and exceedingly hot flame. In the 

case of the blow-lamp this is used for stripping paint and for 

thawing frozen pipes in winter, as well as a multitude of other 
purposes. 
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Fig. 70.—Petrol blow-lamp 


FOODSTUFFS 

Besides oxygen, six different kinds of substance are required 
by the human body. These are {a) water, {b) mineral salts, 
(c) carbohydrates, {d) proteins, (c) fats, (/) vitamins. 

The importance of water was explained in Chapter 7. Of 
the mineral salts, the chief known uses are : 

Common salt replaces that used up by sweating. 

Calcium phosphate is the substance of bones and teeth, and 
so calcium and phosphorus compounds are especially neces¬ 
sary for expectant and nursing mothers, for if the diet is 
deficient in these the material is taken from the bones and 
teeth of the mother to provide for the child ; milk is a good 
source of these elements and of Vitamin D, without which 
they are useless. It used to be said that for every child a 

mother lost a tooth. . 

Iron compounds are needed for the blood, as explained in 

Chapter 2. There is still a great deal to be learned about the 
influence of metallic compounds on human health. 

The other four classes of substance are all organic, i.e. con¬ 
tain carbon, and will be dealt with in turn. 

Energy-giving foodstuffs (carbohydrates and fats) 

The most obvious reason for feeding is to cause growth, but 
a much more important one is to provide energy for action 
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and keeping warm ; the more we run about, and the colder 
the weather, the more food we need and the better our appetite. 
Part of what happens inside our bodies was explained in the 
section on breathing in Chapter 2. 

Carbohydrates are compounds containing carbon, hydrogen 

and oxygen. For instance cane-sugar or beet-sugar has the 

formula CigHgaOn. They are built by the leaves of plants 

during the process of photosynthesis. The first recognisable 

substance formed is glucose (CeHjaOg), also known as barley- 

sugar, grape-sugar, and the basis of all boiled sweets and many 

jams and artificial honey. Glucose dissolves easily in water or 

saliva and so is transported in solution to various parts of the 
plant or body. 

Experiment 86 . To test substances for glucose. 

Make a small quantity of glucose solution and place about in 
the bottom of a test-tube and add an equal volume of Fehling A 
solution, which is blue because it contains copper sulphate. Now 
add Fehling B solution drop by drop until a clear deep blue solution 
is obtained. Then heat, and note the curious changes of colour 
which end in a brick-red precipitate. 

All sugars with the formula CgHiaO,, respond to this test, but not 
cane-sugar. Test various materials in this manner, e.g. boiled 
sweets, toffee, honey. Jam. Next boil some cane-sugar with dilute 
sulphuric acid for a few minutes, cool, and test with Fehling’s. 
The sugar has been hydrolysed and some of it has become glucose. 

A plant, or the human body, needs to store up glucose for 
future use, and this is done by converting it into starch ; about 
100 molecules of glucose combine together with loss of water 
under the influence of catalysts made on the spot by living 

organisms. The catalysts are given the generic name of 

enzymes. 

Glucose — Water = Starch 
100CeH,,Oe lOOH.O CeooH.oooOaoo 

The starch is deposited in various plant organs such as seeds 
and tubers, which are used as food by human beings. Starchy 
foods have to be digested, i.e. broken down to glucose, before 
they can dissolve in the blood. If the glucose is not required 
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for immediate use it is built up into glycogen (“ animal 
starch ”), which is stored in the liver and is easily broken down 
again into glucose. 

Experiment 87. To test materials for the presence of starch. 

Boil a tiny pinch of flour or corn flour or custard powder for a few 
minutes in a test-tube containing about 2” of water, until there is no 
trace of any solid. The liquid has a characteristic opalescent 
appearance. 

Cool the tube thoroughly by holding under a stream of cold water 
and then add one drop of a dilute solution of iodine. Iodine dis¬ 
solves very slightly in water, better in alcohol (and an alcoholic 
solution is called tincture of iodine) and better still in potassium 
iodide solution. It is quite unimportant what form of iodine 
solution is employed. 

If very little starch and iodine have been used, a beautiful dark 
blue solution is obtained. If the materials were present in greater 

quantities, the contents of the tube appear black. 

Heat the tube, or add a solution of “ hypo ” (sodium thiosulphate, 
NaaSgOs) and the colour disappears. That is why the test must be 
carried out with cold reagents. Now add iodine solution to raw 
potato, bread, rice, a handkerchief, glucose, etc. Which of these 
substances yield the blue-black colour and which contain starch ? 

Experiment 88. To investigate the digestion of starch by saliva. 
Saliva secreted by the human mouth contains an enzyme which can 

change starch to sugar. 

Pour some freshly-made starch solution into each of three test- 
tubes so that each contains about 2" of cold solution. Dribble 
a of saliva into the first and mark it clearly by slipping a pi^e of 
paper into the top. Into the second dribble the same quantity ot 
saliva and add a few drops of dilute HCl, and label the tube. To the 
third add a few drops of dilute HCl and label it. Now stand t e 
tubes in a water-bath kept at human body temperature (98-4 F. or 
36° C.) for about 30 minutes. It is important that the temperature 
is kept at this level. Then remove and cool under the tap and test 
with iodine solution. Is Number 1 the only one which remains 
colourless ? If so, does this mean that saliva contains a substance 
which can change starch, but that the presence of HCl prevents this 
substance from working ? Does the experiment also tell us any¬ 
thing else ? . , , I j r „ 

If you have time, repeat the experiment with boiled saliva. 
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FATS 

Fats contain a much larger proportion of carbon and hydrogen 
than carbohydrates, and therefore supply much more heat 
when used as food. Oils are very similar to fats, being liquid 
at ordinary temperatures whereas fats are solid at room tem¬ 
perature. Fats such as butter are more palatable than oils like 
peanut oil, and much vegetable oil is changed to fat for 
margarine by using finely-divided nickel as a catalyst. 

Fats are specially valuable in the diet in cold climates. 
They are digested more slowly, being split by the enzyme lipase 

into glycerine and fatty acids in the duodenum and small 
intestine. 

Mutton fat^ 

Glyceryl V Water 
stearate j 

^sv^iioOg 3H2O 

TESTS FOR FATS 

(a) Experiment 89. To make soap from mutton fat. 

If sodium hydroxide solution is used instead of water in the reaction 

shown above, the product is sodium stearate (soap) instead of 
stearic acid. 

Take about 5 gms. of pure fat (mutton fat with the fibre removed by 
melting, or pure animal lard) in a 1" test-tube, add a couple of pellets 
of caustic soda (about 1 gm.) and a few mis. of methylated spirit or 
alcohol to dissolve it, and boil cautiously for a few minutes. Pour 
the contents of the tube into dilute hydrochloric acid to precipitate 
stearic acid. Dissolve the precipitate in sodium carbonate solution 
to form soap and lather the hands with it. 

(b) Shake up a little crushed peanut, or any other nut, with a 
few mis. of ether in a test-tube in a corked test-tube in the open 
air and filter the resulting liquid into a shallow porcelain dish and 
leave the dish in the open for a few minutes. At the end of that 
time the volatile ether has evaporated, leaving globules of fat. 

(c) Add a drop of 1 per cent osmic acid to a globule of fat and 
after a few moments note the black colour which develops. 

(d) Fatty matterial rubbed on unglazed paper makes the latter 

translucent. 


r Glyceryl 

< hydroxide -f Stearic acid 
iGlycerine 

C 3 H 8 O 3 3Ci8H3e02 
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THE ENERGY VALUE OF FOODS 

The heat released by food in the human body is the same as 
that produced by combustion outside. The approximate 
calorific values of foods, measured in calories per gram, are 
given in the following table. 

Butter Chocolate Sugar Bread Beef Potatoes Milk Beer 

8000 5500 4000 2300 1700 900 700 500 

1000 calories = 1 Kilo-calorie or great Calorie, and it is 
usual to express food values in Calories. 

Humans in bed, losing no fat, need about 2000 Calories per 
day. A citizen engaged in sedentary work needs 3000 Calories, 
a miner 5000. When food is scarce, its value is calculated on 
this basis and the rations allowed are issued on this basis. But 
this is not by any means the whole story. 

In 1952 the average value of the food consumed in Great 
Britain was 3000 Calories per person. 

PROTEINS OR BODY-BUILDING FOODS 

It is not true, as the last two figures in the table of calorific 
values suggest, that a pint-and-a-half of beer does you as much 
good as a pint of milk (Plate 12). 

Milk is a complete food for infants and very nearly complete 
for adults too. It usually has to be supplemented by a little 
orange juice containing Vitamin C in the modern nursery, but 
of course millions of children who have never seen orange juice 
have been reared on milk alone. Milk contains water, salts, 
fats, carbohydrates, proteins and some vitamins, so milk and 
milk products are among the best tissue-forming foods. 

Proteins are required by adults at the rate of about 3 oz. per 
day, because the tissues of the body are being continuously 
worn out and replaced, even the cells which constitute bones 
and teeth. Since proteins are not stored in the body, an 
adequate diet must provide some protein each day. 

Proteins are very complex compounds with the general formula 

—NH-CHX-CO—NH-CHY-CO— 
where X and Y are different complicated groupings of atoms. 
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As well as carbon, hydrogen, oxygen and nitrogen, they usually 
contain sulphur and phosphorus, and the weight of a molecule 
is 17,600 times that of an atom of hydrogen, or twice or thrice 
that number more. They can be split up by digestion into 
molecules of amino-acids of which they are composed. 
Amino-acids have the general formula 

NHg-CHX'COOH or NHg-CHY-COOH. 

There are 24 possible different amino-acids, and 30 or more 
groupings of these amino-acids form a protein molecule, so the 
number of possible proteins is enormous and our knowledge 
of them so far is slight. The tests we apply are applicable to 
all the proteins as a group. 

Protoplasm, the living material which is the basis of all 
living cells, is of a protein nature and the proteins of all 
creatures differ. So, pig-protein in bacon must be broken 
down into amino-acids before it can be assimilated as human- 
protein (to assimilate means to build up into the body-tissues). 

Some well-known proteins are albumen in egg, 
bones, casein in milk and keratin in hair. Animal tissues are, 
in general, much richer in proteins than vegetable tissues, but 
they are also scarcer and more expensive. Proteins also pro¬ 
vide energy, but it is much cheaper to provide this by eating 
starchy foods like bread, porridge and potatoes. Animal 
proteins are regarded by the dieticians as first-class proteins 
and vegetable proteins as second-class. 

Experiment 90. To test for proteins. 

(a) Cut a little hair from a willing friend, or obtain some scraps of 
cheese or meat, put into a test-tube with 2 mis. of concentrated 
nitric acid and warm. Note the bright yellow colour. Next 
add ammonia, drop by drop, until the smell of ammonia is 
obvious, and warm again and note the orange colour. Do not 
add ammonia to the tube until you have cooled it unless you 
want a rather frightening demonstration. 

ib) Add a few drops of Millon’s reagent, made by dissolving mercury 

in nitric acid, to scraps of hair or finger-nail in a test-tube and 

warm. Note the curious and unique pink colour that develops 
after a time. 


gelatin in 
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(c) Find out which of the following materials contain proteins by 
using one or both of these tests. The first test is often called the 
xantho-proteic test. Test skin from boiled milk, leather, 
cotton rag, woollen rag, fish scale, snail shell, silk, catgut, rayon, 
nylon, terylene and any others you like to produce for yourself. 

VITAMINS 

The discovery of vitamins illustrates very well the scientific 
method in action. 

(1) Facts. 3000 Calories from carbohydrates and fats, 3 oz. 

of proteins, water, and salts, were known to be the 
daily ration for an adult. So far as we could tell, 
no other materials were necessary. 

(2) Inference. These substances alone provide all that a 

human body needs. 

(3) Prediction. If a human eats pure substances containing 

nothing but these compounds, he ought to 
remain healthy. 

(4) Test of prediction. In case the diet is harmful, try it first 

on rats. 

Set out in this simple manner, it seems quite obvious, but 
only the genius sees the facts for the first time. When Gowland 
Hopkins announced in 1912 that rats on this diet stopped 
growing and lost weight, the world was uneasy about it. 
Science seemed to have failed the world. When half a tea¬ 
spoonful of fresh milk was added to the diet the rats grew 
normally. This showed that in milk there is something 
essential for the growth of rats which is not present in the rest 
of the diet. It is equally essential for humans. The mysteri¬ 
ous substance was first called an “ accessory food factor ”, 
but this is a mouthful, and a Polish scientist later suggested 
the word “ vitamin 

The most important vitamins and their properties are shown 
in Fig. 71. 

An excellent little book about this topic is called Food^ Health, 
Vitamins by Plimmer. 

In 1928 Vitamin C was isolated as pure white crystals and in 
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Cod-liver oil, milk, i 
butter, eggs, British 
margarine, carrots, 
tomatoes 

Encourages growth 
Promotes good 
vision by night 

Soluble in fats 
Destroyed by 
strongly heating | 

1 

’ Bj 

1 
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1 

i 1 
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Yeast, brown 
bread, milk, egg- ; 
yolk 

Milk, yeast, liver, ! 
brown bread 
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hydrates to be 
utilised 

Prevents boils and 
photophobia 
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Soluble in water 
(Other B vitamins ! 
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1 Black-currants, 
oranges, lemons, 
rose-hips, fresh 

green vegetables, 

: potatoes (small % 
but eaten in quan¬ 
tity) 

1 

i Healing of wounds 
Resistance to dis- 

1 

ease 

Prevents scurvy 

1 

1 

I Lost in bad cook- 
! ing because soluble 
in water and des¬ 
troyed by heat 

t 

r 
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' body by sunshine 
Cod-liver oil, milk, 
butter 

Formation of bones 
and teeth 

Prevents rickets 

1 

i Soluble in fats 

\ 

1 

< 

E 

Wheat germ, 

Green vegetables 

Essential for fer¬ 
tility 

f 

i 

1 

1 

1 


Fig. 71. — Principal vitamins and their properties 


1933 it was synthesised. It is called ascorbic acid when made 
in the laboratory and its formula is CgHgOe. Tons per year 
are made today. The daily dose is 0*1 gm. 

Experiment 91. To demonstrate the estimation of Vitamin C. 
Make a solution of 0-22 gm. of dichlorphenolindophenol in 100 mis. 
of distilled water and put some into a burette. 
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Make a solution from a Vitamin C tablet in distilled water, measure 
20 mis. from a pipette into a conical flask, and add about 10 mis. of 
trichloracetic acid, or bench sulphuric acid. 

Run the blue dye solution into the sample a millilitre at a time as 
quickly as possible and note the burette reading when the pink- 
purple colour remains permanent. The whole operation must be 
complete in less than 1 minute. 100 mis. of the dye reacts with 
about OT gm. of Vitamin C, the daily requirement. 

CLOTHES 

With the exception of leather, all our clothes are made of 
fibres, i.e. of long molecules. Asbestos fibres are also made 
of long molecules. 

Many long protein molecules are grown by animals, e.g. the 
wool of sheep, the silk of cocoons and spiders’ webs, but most 
of our clothes are made from plant fibres, e.g. linen from the 
stem fibres of flax and cotton from the seed-hairs of the cotton 
plant. All plant fibres are made of cellulose. 

Cellulose is a carbohydrate, made up from glucose units, and 
its formula is in the region of 

C eooo^iooooO 5000 • 

The cellulose of cotton is very pure, but we now use the wood 
fibres from trees by dissolving the lignin, etc., from the wood 
and producing wood-pulp. This can then be made into rayon 
by the method described on p. 208. 

Newer fibres such as nylon and terylene are man-made and are 
formed by joining together short molecules to make long ones, 
in reactions similar to those used in making plastics. 

PLASTICS 

These are substances which can be moulded into shape by heat 
or pressure. By building up large molecules, man has made 
products similar to—and often superior to—glass, rubber and 

wool. 

Experiment 92. To demonstrate the preparation of poly-styrene, 
a glass-like plastic. 

Pour 3 mis. of liquid styrene into a test-tube and add about 0 05 gm. 
of benzoyl peroxide. The latter is to act as a catalyst and therefore 
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very little is needed. The catalyst speeds up the polymerisation, 
i.e. the joining together of the styrene molecules. Do a control 
experiment without the catalyst, side by side with the other. 

Heat both test-tubes in a bath of boiling water for 40 minutes. 
If the contents do not solidify, heat again for a period up to 2 hours, 
or use a little more benzoyl peroxide. 

The formula for styrene is 

CeHs—C=C—H 

1 I 

H H 


and that for poly-styrene is 


etc. 
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The plastic is removed from the tube by breaking the latter in a 
mortar. Similar plastics include perspex, used for aircraft and ball¬ 
pen containers. 


ENZYMES AND ALCOHOL 

The splitting up of large molecules into smaller ones is also 
most important, and is brought about in nature by enzymes 
secreted by living organisms. Enzymes have already been 
mentioned in connection with the polymerisation of glucose to 
starch (p. 167). Some common enzymes are ptyalin in saliva, 
pepsin and rennin in the gastric juice, diastase in germinating 
corn, lipase in the small intestine. 

A small quantity of enzyme is capable of bringing about 
considerable chemical change in a particular reaction, i.e. each 
enzyme is specific. They must each have exactly the correct 
conditions to carry out their work, e.g. the right temperature 
and degree of acidity or alkalinity, and they are easily “ killed ” 
by heating or by poisons. You will learn much more about 
enzymes in your biology lessons, and this is one of those topics 
where the biologist and the chemist must share the honours. 

Experiment 93. To demonstrate the preparation of ethyl alcohol. 
Make a 10 per cent solution of glucose in water and add a spoonful 
of yeast to about 100 mis. of the solution. Put the mixture in a 
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flask fitted with a delivery tube as shown in Fig. 72. The delivery 

tube dips into fresh lime-water in 
a tube and the flask is warmed 
gently on a water-bath at a tem¬ 
perature of 25° C. 

Maintain this temperature for 3 days. 
Long before that time, what has 
happened to the lime-water ? 

At the end of three days, open the 
flask and smell at the contents. You 
will smell the characteristic smell of 
alcoholic fermentation, which used 
to be familiar to those who ate home¬ 
made bread and is always to be 
smelled in breweries and distilleries. 
Next fit the flask with a long straight 
tube and boil gently. After a minute or two apply a light to the 
end of the tube and see the flame of burning alcohol. 

By the action of 

Glucose = Alcohol + Carbon dioxide 

CgHiaOg zymase in yeast 2 C 2 H 6 OH 2 CO 2 

Alcohol is a useful fuel for small stoves and can be used for 
internal combustion engines. It is used as a solvent for making 
lacquers and it occurs in all fermented drinks. It stimulates 
and warms the body when taken in small quantities. Nor¬ 
mally it is sold as methylated spirits, which contain about 
95 per cent alcohol, but have been adulterated with colour and 
horrible flavours to make it unpalatable to the depraved 
creatures who would otherwise drink it in large quantities to 

their own detriment! 

Reaction of alcohols with acids 

Ordinary alcohol is properly called ethyl alcohol and has the formula 
C2H5OH. There is a whole family of compounds closely relat^to 
ethyl alcohol, the members of which are all called alcohols. They 

include glycerine and amyl alcohol. 

All the alcohols react slowly with acids to form compounds ^11^ 
esters. Unlike salts, esters are usually liquids and are msoluble in 
water. They often have a sweet smell and decompose when heated 

with alkalis. 



Fig. 72.—Action of yeast on 

glucose 
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Experiment 94. To prepare amyl acetate, or essence of pear drops. 
Mix in a test-tube 2 mis. of glacial acetic acid (the acid contained in 
all forms of vinegar) and 2 mis. of amyl alcohol. Add 2 drops of 
concentrated sulphuric acid. Warm for half a minute and observe 
the smell. 

If you wish to keep some of this ester, more materials must be used 
and the product distilled off. 


THINGS TO REMEMBER 

1. Organic chemistry is the study of the compounds of carbon. 

2. The valency of carbon is 4, of oxygen 2 and of hydrogen 1 . 

3. The boiling points of a series of related compounds rise as the 
size of the molecules increases ; cf. methane, petrol, paraffin, 
diesel oil. 

4. The greater the proportion of carbon and hydrogen in a fuel, 
the better source of heat the fuel provides. 

5. Hydrocarbons burn to form only carbon dioxide and water 
vapour if they are provided with an adequate oxygen supply. 
For complete combustion a forced draught is needed, for there 
is always four times as much nitrogen as oxygen in air. With 
smaller supplies of air, carbon monoxide and soot are formed. 
The burning of methane is represented by these equations : 

(a) With plenty of air 

2CH4 + 4O2 = 2CO2 + 4H2O 

(b) With less air 

2 CH 4 + 3 O 2 = 2CO + 4 H 2 O 

(c) With little air 

2 CH 4 + 2 O 2 = 2C + 4 H 2 O 

(d) With very little air 

2 CH 4 + O 2 = C + 2 H 2 O + CH 4 

6 . Carbohydrates contain carbon, hydrogen and oxygen, with the 
two latter in the proportion of two to one, as in water. 

G 
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7. The proteins are body-building foods and they contain nitrogen 
and sulphur as well as carbon, hydrogen and oxygen. 

8 . Tiny quantities of vitamins are necessary for good health and 
these are usually found in fresh, uncooked foods. Many are 
destroyed by cooking. Vitamin D is produced by the action 
of sunshine on the skin of humans. 


9. Fibres and plastics are made up of very large molecules. 


10. Fermentation is the breaking down of large molecules like 
sugars, by the action of enzymes such as zymase in yeast, to 
smaller molecules such as alcohol. 


11. Alcohol + Acid = Ester + Water. 

12. Acetic acid is formed by the souring of alcoholic liquids by the 
action of bacteria. 


QUESTIONS ON CHAPTER 12 

1. Why does a lighted candle go out (a) when you blow at it, 
(b) when it is fanned vigorously, (c) when the wick is pinched 

between the fingers ? 

2. What is the percentage by weight of oxygen in (a) glucose, 
(b) mutton fat ? 

3. Explain why the pollution of the air by smoke in big towns is 
bad for the health, especially the health of growing children. 
Consider as many aspects as you can remember. 

4. Why is it that the spark of a petrol lighter can ignite the petrol 
vapour provided by the wick, but that when a spark from the 
lighter falls on your skin, you cannot feel it ? 

5. Study the diagram which accompanies the description of 
Expt. 85. Would it not be better to interchange flasks 2 and 3, 
so that we can be sure that no carbon dioxide has slipped by the 

wash-bottles ? . 

If you disagree, give your reasons for domg so. 

6 . Can YOU suggest any reasons why the mixture given on p. 165 
for the use of a model aircraft diesel engine is so very good a 

fuel ? 
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7. Boiled onions have a very sweet taste. How would you 
demonstrate by a couple of simple test-tube experiments, that 
this sweetness is due to a sugar like glucose ? 

8 . Describe three tests you would apply to sunflower “ seeds ” to 
find out whether they contain oil. 

How would you test for protein in the “ seed ” ? 

9. Devise a menu for a picnic lunch which would be at the same 
time appetising, inexpensive and dietetically adequate. 

10. In the numerical result of Expt. 85 the words calcium chloride 
are used in the first line and anhydrous calcium chloride in the 
second. Which is the more correct ? Give reasons for your 
answer. 

11. In making the Fehling test for reducing sugar, a brick-red pre¬ 
cipitate is produced. This precipitate is said to be cuprous 
oxide, formed by the reduction of the cupric base of the copper 
sulphate in Fehling A solution by the sugar. 

This red material forms a persistent film on the glass of the vessel 
in which the test is carried out, which cannot be removed by 
washing. How may it be removed with the greatest ease, and 
why is this ? 

12. Pure filter-paper is made of cellulose, a carbohydrate. How 
would you demonstrate the truth of this statement by experi¬ 
ment ? 

13. What are carbohydrates? Why are they of importance to 
man ? Explain carefully how you would, from a selected 
carbohydrate, obtain specimens of carbon, carbon dioxide and 
water. 

Describe ONE reaction in which carbon acts as a reducing 
agent. 

(Oxford Gen. Sci., 1953) 

14. Why is carbon considered to be an element ? 

Describe experiments (one in each case) to show that (a) carbon 
dioxide contains carbon ; (b) carbon is a reducing agent; 

(c) carbohydrates contain carbon. 

(Oxford Gen. Sci., 1953) 

15. What similarities are there in chemical composition between 
common fuels and foodstuffs ? Explain carefully by reference 
to selected examples the similarities and differences in the use of 
fuels by man and of foodstuffs by the human body. 

(London Gen. Sci., 1949) 
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16. How would you prepare a sample of soap from a piece of 
mutton fat ? 

How does the human alimentary tract digest fats and what are 
the products of digestion ? 

(London Gen. Sci., 1947) 


17. Describe in outline the methods used in the manufacture of soap. 
Mention one useful by-product of soap manufacture and state 
its use. Explain why soap is efficient in the removal of dirt. 

(Northern Univ. Gen. Sci., 1950) 


18. Describe carefully how soap is manufactured. Name an irn- 
portant by-product which is formed, give TWO uses of this 
by-product, and state where, and from what, it may also be 
formed in your body. 

How does the process of removing grease with soapy water 

differ from that of removing it with petrol ? 

(Welsh Joint Gen. Sci., 1952, Paper II) 


19. {a) State tests (ONE in each case) which you could apply to 
foodstuffs to show the presence of each of the following sub¬ 
stances : (i) protein, (ii) glucose, (iii) fat. 

{b) Name foods (ONE in each case) which you would expect 

to be rich in the following substances : (i) protein, (ii) glucose, 
(iii) fat. 

(Northern Univ. Gen. Sci., 1952) 



CHAPTER 13 


CHEMICALS FROM THE AIR 
NITROGEN, AMMONIA AND NITRATES 

The necessity for proteins in the diet 

In 1925, an experiment was carried out on 1500 school-chUdren 
who were regarded as normal and adequately fed. They were 
given an extra pint of milk each day at school, in addition to 
their ordinary food, for seven months. 

Their rate of growth was 20 per cent greater than that of the 
other children and the general health and vitality also improved 
noticeably. 

This experiment was one of many which showed that 
ordinary diets were not enough and which led to all school- 
children in this country being provided with free milk 
(Plate 12). The substances in milk which are the cause of 
growth are PROTEINS, and so the grass which feeds the 
cow that produces the milk must be provided with adequate 
sources of nitrogen. 

Experiment 95. To demonstrate the effect of nitrogenous fertilisers 
on the growth of grass. 

The plot of grass chosen for this experiment must be growing 
strongly in the spring or early summer, and the whole plot must be 

uniform in appearance and exposed to the same conditions of light, 
rain, etc. 

Mark out plots with sides of 3 yards by means of pegs and string, 
making a chequer-board pattern. 

Each day each square is carefully watered. 

The squares in the diagram left white are given a canful of water. 

This should be rain-water if possible and the can should hold about 
2i gallons. 

The shaded squares are watered with 21 gallons of ammonium 

sulphate [(NH 4 ) 2 S 04 ] solution containing 8 oz. of the salt. 

Label each square so that there can be no mistake about the 

irrigation, and keep a careful record in your laboratory record-book, 
with a diagram. 
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Observe and record what you can see at the start of the experiment, 
after 7, 14, 21 and 28 days. 

All kinds of variations can be introduced into the experiment. 

Some squares can be fertilised with 
sodium nitrate instead of the sulphate 
of ammonia ; others can be limed at the 
beginning of the experiment; the grass 
may be mown and the bulk of the grass 
obtained compared, and on other plots 
the grass can be left for a month uncut. 
You should know that ammonium 


sulphate must never be added to soil 
unless the latter contains lime. Your 
grass plots may be tested beforehand 
for the presence of lime (see Q. 8, 
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Fertilised with 
ammonium sulphate 


presence 

Chapter 8) and if the result of the test 
is negative, a thin sprinkling of pow¬ 
dered lime should be given. 

Can you suggest why lime must always 

be present before ammonium sulphate is added to soil ? There 
are two important reasons. 


Fig. 73.—Plots for demon¬ 
strating the effect of fer¬ 
tiliser 


THE CYCLE OF NITROGEN 

No green plant and no animal can use atmospheric nitrogen 
for making proteins ; for that purpose we have to rely on 
bacteria, with which all fertile soil teems. The impatience of 
man and the urgency of his needs make bacterial action too 
slow and so he adds to the soil fertilisers which the bacteria 
would, given time, produce from the remains of animals and 
plants. In the diagram of this cycle which follows, both the 
natural and the artificial methods of man are shown. 

In nature, when dead animals and plants, and the excreta of 
animals, decay, the proteins they contain are converted by 
bacteria into ammonia, next into nitrite and finally into nitrate. 
This has all been worked out experimentally at the Rothamsted 
Experimental Station, Harpenden. The nitrates formed dis¬ 
solve in the soil water and are absorbed by the plants lor 
building up once more into plant proteins. These are ingested 
and assimilated by animals into animal, or first-class, proteins. 
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Unfortunately, the products of decay do not always enrich 
the soil on which the plants grew. For example, the nitrogen 
content of some 2 million tons of Canadian wheat per year 
used for London’s bread is discharged with the sewage into the 
Thames estuary (see Plate 2). 



bacteria 

Fig. 74.—The nitrogen cycle 

Other losses of nitrogen compounds occur on untilled land 

which is acid. Bacteria which change nitrogen into nitrates 

are unable to live unless they have oxygen in plenty and are 

free from acid. Note that the word manure meant originally 

to work the land by digging ; it is a fact that the more the soil 

is worked, when moderately dry, the richer it becomes. In 

sour, or acid, soil de-nitrifying bacteria set free nitrogen into 
the air. 

Some plants have nodules on their roots which are inhabited 
by bacteria (Plate 13). These are able to change atmospheric 
nitrogen from the soil into nitrogenous compounds which 
the plant takes, giving in exchange substances that the bacteria 
need. All the plants of the Leguminous family, the peas. 
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beans, clover, lucerne, lupins, vetches, etc., have these nodules. 
When the crop has been harvested, the ploughed-in stubble 
forms excellent manure. In the famous Norfolk rotation of 
roots, barley, clover and wheat, the clover roots are ploughed 
in once every four years as green manure. 

Fallowing is an old agricultural custom, which consists in 
leaving the soil uncropped now and again. The ground is then 
covered by weeds, including many leguminous plants, and the 
ploughed-in weeds restore the fertility to some extent, but the 
rotation of crops is a better system. 

NITROGENOUS FERTILISERS 

Sodium nitrate (NaNOg), often called Chile saltpetre, is found 
in enormous deposits in Chile and has been used for well over 
a hundred years as an artificial fertiliser. Ammonium sul¬ 
phate is also used on a very large scale in this country as a grass 
fertiliser ; about a quarter of a million tons of this compound 
are available annually from the gas works. But these sub¬ 
stances do not suffice for the world’s needs. Early in this 
century a German called Fritz Haber discovered how to 
synthesise ammonia from atmospheric nitrogen and hydrogen 
from water, and his process has been adopted all over the 
world, so that possible supplies of nitrogen compounds are 
now limitless. 

AMMONIA 

Manufacture of ammonia by the Haber process 

Ng + 3 H 2 ^ 2 NH 3 + heat 

'- -- ^ ^-' 

4 volumes 2 volumes 

of gas of gas 

At room temperature, no method will persuade nitrogen and 
hydrogen to combine. At 550° C. they combine very slowly, 
but less than 0-1 per cent of ammonia is formed because it 
is decomposed at this temperature. The sign ^ means that 
the reaction will go in either direction, or is reversible. At 
higher temperatures, although the reaction is quicker, still less 

ammonia is formed. 



CHEMICALS FROM THE AIR 


185 


At high pressures, less ammonia is decomposed because the 
ammonia octupies less space than the nitrogen and hydrogen 
(see the equation above) and at 550° C. and 250 atmospheres 
pressure, there is 15 per cent ammonia in the product. 

In order to make the reaction fast enough under these con¬ 
ditions, a catalyst is used. The catalyst is mainly finely- 
divided iron. 

The nitrogen is obtained from air by removing the oxygen 
and the hydrogen is produced from steam. Both processes 
use coke. The ammonia is removed from the product either 
by dissolving it in water, in which it is extremely soluble, or by 
liquefaction. 

The ammonia produced in this way is then used principally 
for three purposes : it is converted into ammonium sulphate 
for fertilisers, or it is made into nitric acid by oxidation, or it is 
used as liquid ammonia for refrigeration. 

The process was perfected, not without loss of life by research 
workers, before 1914, and thus Germany was rendered inde¬ 
pendent of Chile saltpetre for the manufacture of nitric acid, 
the starting-point of explosives. After 1918, teams of British 
scientists obtained the secrets of the manufacture from 
defeated Germany, and now there is a great plant at Billing- 
ham-on-Tees operated by I.C.I. (Plate 4). 

Experiment 96. To prepare specimens of ammonia gas and test its 
properties. 

Any ammonium salt heated with any alkali yields ammonia gas ; 
it is usual to employ ammonium sulphate, chloride or carbonate, 
because they are cheap and safe. The nitrate and chlorate are apt 
to decompose explosively. 

The usual alkali is either slaked lime or sodium hydroxide. 

The heating needed is only gentle. 

If the gas is required dry, it is passed through a tower of quicklime. 
The gas reacts with any other common drying agent. 

Ammonium Sodium = Sodium -f Ammonium 

chloride hydroxide chloride hydroxide 

NH4CI NaOH NaCl NH4OH 

Upon heating, the ammonium hydroxide splits up into ammonia gas 
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Fig. 75. —Preparation of ammonia 

and water. Reagent bottles labelled ammonium hydroxide always 
smell ammoniacal for this reason. 

Ammonia solution = Ammonia gas + Water 
NH4OH NH3 H2O 

Test the properties of the gas as follows, using small gas-jars or large 
test-tubes. 

(a) Smell the gas cautiously, 

{b) Put moist red litmus paper into the gas ; try moist blue litmus 
as well, 

(c) Leave one jar open on the bench for one minute and then test 

for ammonia with moist red litmus paper, 

(d) Put a little cone. HCl into a bottle or jar and invert a jar of 

ammonia above it, 

(e) Invert a test-tube of ammonia in a jar of water, 

</) Repeat with a jar into which ammonia has been poured for a 

much longer period. 

Pour some very strong ammonia solution into hard water, 
(/{) Add a few drops of ammonia solution to ferric chloride solution, 
<0 Pour strong ammonia solution on to a dirty “ copper coin. 

Explain the observations you make as far as you can and then com¬ 
pare what you have deduced with the following list of properties, 

■which you should memorise. 
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Ammonia (NH3) 

Ammonia is the only common alkaline gas ; it is the only 
alkali which does not contain metal. 

It is little more than half as dense as air. 

Exceedingly soluble in water, the strongest solution has a 
Sp. Gr. of 0-88 and contains 35 per cent by weight of ammonia. 
Its solution reacts with acids to form salts and water. If little 

or no water is present, a solid product is formed as in test {d) 
above. 

Ammonium + Hydrogen = Ammonium Water 

hydroxide chloride chloride 

NH4OH HCl NH4CI HOH or H^O 

It reacts with acid salts such as calcium bicarbonate. It can 
thus be used for softening hard water. 

Ca(HC03)2 + 2NH4OH = (NH4)2C03 - CaC031 + 2H2O 

It neutralises acids when it forms salts with them. It is useful 

in laundry work because it gets rid of the acids left in clothing 
by sweat. 

It reacts with solutions of metallic salts, precipitating the 
insoluble hydroxide in most cases : 

Copper + Ammonium = Copper -f- Ammonium 
sulphate hydroxide hydroxide | sulphate 

CUSO4 2 NH 4 OH Cu(OH )2 (NH 4 ) 2 S 04 

In some cases, e.g. copper and silver, the metallic hydroxide 

dissolves in an excess of ammonia ; this explains the action of 
metal polishes. 

Experiment 97. To study the cuprammonium test for copper. 

The deep blue cuprammonium compound is a very sensitive reagent 
for copper. 

Clean the dirty coin used in Expt. 96 with cone, nitric acid in a 
porcelain dish. 

Stop the reaction when the coin is clean by adding cold water. 

Pour off the resultant liquid into ammonia solution. 

Rinse the penny carefully and then cover it with ammonia ; no 

trace of colour appears, showing that metallic copper does not 
respond to the test. 



188 


CHEMISTRY FOR GENERAL SCIENCB 



Dry ammonia gas 


Noizle 


Experiment 98. To demonstrate the extreme solubility of ammonia 
in water. 

Dry a round glass flask of capacity 500 mis. very thoroughly and 
then pass ammonia, which has been carefully dried, into the flask 

for a long time. It is essential to expel 
as much air as possible. 

Then fit up the apparatus as shown in 
Fig. 76. The tube which reaches into 
the upper flask of ammonia is drawn to a 
small nozzle, and the water in the lower 
flask is coloured with red litmus. 

Blow gently Blow gently into the right-angle bend 

until a drop of water enters the upper 
flask, then stand away. 

Immediately after the drop of water 
enters a strong jet of water rises to the 
top of the flask, forming a spectacular 
fountain. The first drop of water dis¬ 
solves the whole of the ammonia in the 
flask, since at room temperature, 15° C., 
over 800 mis. of ammonia dissolve in 1 
ml. of water. At 0° C., 1300 mis. of 
ammonia dissolve in 1 ml. of water, and ammonia is by far the 
most soluble gas, only hydrochloric acid gas or hydrogen chloride 
rivalling it at all. 

At atmospheric pressure, ammonia liquefies at — 33° C. and it 
can be liquefied by compression at room temperature. If the pres¬ 
sure is released, it has to take heat from its surroundings in order to 
vaporise. It is a most convenient and cheap gas for use in large 
commercial refrigeration plants for the production of ice and 

ice-cream. 


Red litmus 


Fig. 76. — The fountain 
experiment for demon¬ 
strating extreme solubility 


ORIGINS OF AMMONIA 

The decomposition of organic matter, whether it occurs 
naturally or is speeded up by heat, is usually accompanied by 
the setting free of ammonia. This is true especially of animal 
remains, which are rich in nitrogen. The name ammonia is 
derived from that of a place in Libya, where sal ammoniac 
(NH4CI) is said to have been first derived from camels’ dung. 
Chaucer mentions sal ammoniac. It was once called spirit of 
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hartshorn because it was made by distilling the horns of these 
animals. The pungent smell of the gas is useful for reviv¬ 
ing people who have fainted. Today, a perfumed bottle of 
smelling salts is used ; in older and cruder times a bunch of 
feathers was burned near the nose of the victim ! 

Experiment 99. To discover whether ammonia can be made by 
heating organic substances. 

Heat small quantities of the following substances in old test-tubes. 
Substances to be heated include the inside of an old dry cell, hair, 
feathers, nail parings, nitrochalk, ammonium sulphate, soot, 
smelling salts, metal polish. (Since Duraglit is a woolly substance 
impregnated with a liquid it is suitable for this simple experiment, 
but Brasso and Silvo can also be tested, as well as Windolene.) 
The result of the heating usually involves a tarry substance which is 
difficult to remove, so it is welt not to use the best tubes in the 
laboratory. 

First heat the substance alone and hold a piece of moist red litmus 
paper near the end of the tube. 

Next mix a little lime with the material and heat, testing with red 
litmus the fumes that are evolved. 

Nitric Acid (HNO 3 ) 

Experiment 100. To prepare nitric acid by tbe distillation of nitre 
with oil of vitriol. 

Grind to a fine powder about 25 gms. of sodium nitrate in a mortar 
and shoot it from a folded paper into the tubulure of a glass retort. 



Fig. 77. — Preparation of nitric acid in the laboratory 

Cover it with concentrated sulphuric acid (oil of vitriol) poured into 
the retort through a small glass funnel. Have a bottle of strong soda 
solution handy, and use the vitriol with great respect. 
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The apparatus is arranged as shown in Fig. 77, which you note 
shows no corks or rubber stoppers. Heat the retort with a low 
bunsen flame or a flame spreader under a gauze and from time to 
time squeeze cold water from a duster over the receiver. 

The acid distils over as a rich amber liquid. This liquid is about 
99 per cent nitric acid, whereas the concentrated nitric acid of the 
laboratory bench is 66 per cent. When the distillate is cool, transfer 
to a conical flask and cork tightly with a new cork. This will show 
you why organic matter must not come into contact with the 
acid. 

The reaction which takes place in the retort may be represented 
thus : 

Sulphuric -f Sodium = Acid sodium + Nitric 
acid nitrate sulphate acid 

H2SO4 NaNOa NaHS04 HNO3 

Experiment 101. To investigate the properties of nitric acid. 

{a) Add a few drops of nitric acid to a 250-ml. beaker of water, sUr 
the mixture with a glass rod, and taste cautiously. 

ib) Pour some of this mixture into a test-tube and add blue litmus 
solution. 

<c) Treat the acid with sodium carbonate solution and test the gas 
evolved. 

id) Put small pieces of zinc and copper into separate test-tubes. 
Add dilute nitric acid to each tube, warm, and try to identify any 
gas evolved. 

Repeat this, using a few drops of the nitric acid you prepared in 
Expt. 100. 

Has any hydrogen been produced ? 

ie) Warm a little sawdust on an iron tray and drop some of your 
nitric acid on to it. 

if) Examine the cork of the flask in which your nitric acid has been 
kept. Put small cotton and woollen rags into the strong acid 
for an hour, and then fish them out with a glass rod. 

Make a list of the properties of nitric acid which you have observed 
for yourself. Start with the most obvious and then proceed to the 

Jess obvious. 
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REACTIONS OF NITRIC ACID WITH ORGANIC 
COMPOUNDS 

{a) Production of explosives. 

One kind of explosive is an ester made from the alcohol 
glycerine or glycerol. 

Glyceryl + Hydrogen = Glyceryl -j- Hydrogen 

hydroxide nitrate nitrate hydroxide 

(Glycerine) (Nitric acid) (Nitroglycerine) (Water) 

An alcohol An acid An ester Water 

C 3 H 5 ( 0 H )3 3 HNO 3 C 3 H 5 (N 03)3 3HOH or H^O 


WARNING. This reaction is extremely dangerous and must 
not be attempted. 


The reason why compounds like nitroglycerine, the active 
ingredient of dynamite, are explosives, is that they contain 
a large proportion of oxygen given to them by the nitric acid. 
They can therefore burn very rapidly without the help of 
external supplies of oxygen, giving large amounts of hot gas 
in a fraction of a second. Thus, 1 ml. of liquid nitroglycerine 
expands to 12,000 mis. of gas when it explodes. Similarly, 
ammonium nitrate gives enormous volumes of gas very quickly 
when detonated, and that has been the cause of some disastrous 
explosions in ships. 


Apart from their mis-use in wartime, explosives are useful in 
mining, quarrying, tunnelling, etc. 

If you are keen on chemistry, you will find an early Penguin 
book called Explosives fascinating—if you can find it, for it has 
long been out of print. Journey into Fear is a modern French 


story about the carrying of a load of nitroglycerin on a lorry 
to “ blow out ” an oil gusher ; this is also fascinating in a 
different way. 


{b) Reactions with hydrocarbons of coal tar. 

Substances like benzene react with nitric acid to form nitro¬ 
compounds which can be made the starting points of a large 
variety of products. Nitro-benzene is the first stage, from that 
aniline is easily produced and then dyestuffs. Aniline alsa 
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reacts with sulphuric acid to form aniline sulphonic acid from 
which are derived the famous “ sulphonamide ” drugs, e.e. 
M & B 693. 

NITRIC ACID FROM AMMONIA 

You have now read that bacteria can change ammonia to 
nitrates ; you have seen the laboratory preparation of ammonia 
and read a brief account of the Haber process for its manu¬ 
facture on a large scale; you have also seen the laboratory 
version of the old method of making nitric acid. But how is 
the enormous quantity of ammonia made by the Haber process 
converted to nitric acid ? The next demonstration provides 
a spectacular version of the answer. 

Experiment 102. To demonstrate the conversion of ammonia to 
nitric acid by catalysis with platinum (see Plate 11). 

Pour into a stout 250-ml. beaker enough 0-88 ammonia to produce 
a depth of about Y- 

Coil a spiral of platinum wire on a thin rod and attach it as shown 

in Fig. 78, so that its lower end 
is just above the surface of the 
ammonia. 

Pass a slow stream of oxygen through 
a glass tube into the ammonia. The 
rate of flow of the oxygen should 
be able to be controlled. When the 
oxygen flow is steady, pick up the 
rod and hold the wire in a flame 
till it is hot, and replace it in the 
beaker. 

If the conditions are correct, the platinum wire will glow red, there 
will be a succession of sharp reports accompanied by a yellow flame 
and a white cloud. After this has continued for some minutes, test 
the liquid in the beaker for nitrates. The test is described in the 
next experiment. 

NITRATES 

There are three salts of nitric acid in common use, those of 
sodium, potassium and ammonium. Nitrates of other metals 



Oxygen 
Glass rod 
Platinum spiral 


88 ammonia 


Fig. 78.—Conversion of 

ammonia 
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are easy to prepare, often by the solution of the metal in nitric 
acid, e.g. copper nitrate. As all nitrates are soluble in water 
they are often used as reagents, e.g. silver nitrate in testing for 
chlorides and lead nitrate for hydrogen sulphide. 

Experiment 103. To test solutions for the presence of nitrates, 
(a) The brown ring test. 

Make a little solution of the suspected material; all these 
materials contain enough to give a good result—bacon rind, 
gunpowder, water from a ditch, Fenning’s Fever Cure after 
neutralising with sodium carbonate. 



Fig. 79.—The brown ring test 


Mix this solution with some freshly-made ferrous sulphate solu¬ 
tion. Then pour oil of vitriol slowly down the side of the tube 
and WATCH the junction of the liquids. If nitrates are present, 
even in minute quantity, there will be a brown ring. The acid 
used must, of course, be pure. 

(6) The diphenylamine sulphate test. 

This test is even more sensitive than the brown ring test. Mix 
the solution under test with a solution of diphenylamine sulphate 
in distilled water and pour cone, sulphuric acid down the side of 
the tube. Where the liquids meet a violet ring appears. 

The intensity of the colour gives an idea of the quantity of 
nitrate in the solution under test, and is useful in assessing the 
nitrate in soil. 

SODIUM NITRATE or Chile saltpetre 

This is found in the arid desert lands of Chile, where it is called 
“ caliche ”. It has been suggested that it is the result of the 
decomposition of enormous deposits of sea-birds’ excreta in the 
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dim past, just as guano is comparatively modem material of 

the same kind. It has been able to accumulate because there 

is no rainfall there, for it is very easily soluble in water. 

It is still used as a rapid fertiliser, for curing bacon and tinning 
meat. 

POTASSIUM NITRATE or nitre or saltpetre 

When strongly heated, it decomposes to potassium nitrite, 
yielding oxygen. 

2KNO3 = 2KNO2 + O2 

Because it is a ready source of oxygen it is a component of 
gunpowder, in which it supplies oxygen to the other com¬ 
ponents, sulphur and carbon, which rapidly produce sulphur 
dioxide and carbon dioxide. In a closed space the rapid 
evolution of these gases provides the force of the explosion. 
It does not deliquesce, i.e. absorb water vapour from the air, 
like sodium nitrate. Where there is much organic matter 
decaying, it forms an efflorescence on walls, etc. That is why 
it is called saltpetre, which means literally salt of the rock. 
On page 365 of Carlyle’s French Revolution (Oxford World’s 
Classics) there is an interesting account of the collection of the 
material from the cellars of Paris to supply gunpowder for the 
Revolutionary armies. 

Experiment 104. To show the provision of oxygen for combustion 
by molten nitre. 

Melt about 5 gms. of nitre in a crucible over a small bunsen flame. 
Drop into it a small pinch of flowers of sulphur, then a little wood 
charcoal, a small piece of magnesium ribbon and any other common 
combustible material. 

This experiment should be carried out with caution, if possible with 
a sheet of metal or asbestos covering the bench. 

AMMONIUM NITRATE 

This salt is used to a large extent as a fertiliser, mixed with 
chalk, under the name of Nitrochalk. 

It is important as an ingredient of explosives ; it is mixed with 
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substances such as trinitrotoluene (T.N.T.) which have not 
enough oxygen of their own. 
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THINGS TO REMEMBER 

1. The information summarised in the form of diagrams of the 
nitrogen cycle and the compounds of nitrogen (pp. 183, 195). 

2. All ammonium salts give ammonia gas when heated with an 
alkali. 

3. Ammonia is the only common gas which turns red litmus blue. 

4. All nitrates yield nitric acid when heated with concentrated 
sulphuric acid. 

When copper and nitric acid react, brown fumes of nitrogen 
dioxide (“ peroxide ”) are produced. 

5. All nitrates are soluble and give the brown ring test. 

6 . Nitric acid is a strong oxidising agent; it will oxidise sulphurous 
acid (H2SO3) to sulphuric acid (H2SO4), hydrochloric acid (HCl) 
to chlorine and organic compounds to carbon and water. 

7. Nitric acid attacks almost all metals, even lead, copper and silver, 
giving their nitrates. 

In these reactions, hydrogen is not produced ; it is oxidised to 
water. 

8 . The catalyst used in the Haber process is finely-divided iron and 
in the conversion of ammonia to nitric acid, platinum. 
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QUESTIONS ON CHAPTER 13 


1. Describe how, starting from nitre, you would prepare nitric acid 
in the laboratory. 

State two industrial uses of nitric acid, and two examples of its 
use as an oxidising agent. 

2. What useful substances are given to soil by dung ? 

Why should dung be stored under cover and why should it not be 
applied to soil at the same time as lime ? 

3. How is ammonia produced in nature ? How could you pre¬ 
pare a solution of ammonia in the laboratory ? 

Explain why an aqueous solution of ammonia is described as an 

alkali. 

4. How is ammonia recovered as a by-product in the manufacture 
of coal gas ? 

5. Describe a method which can be used industrially for converting 
the nitrogen of the air into either (a) nitrates or ib) ammonium 
compounds. 

Why is this fixation of atmospheric nitrogen of great importance 
to plants and animals ? 

6 . Give, with the aid of a diagram, an account of the nitrogen cycle. 

7. Describe the Haber process briefly and show how important 
this process is in the life of a modern industrial community. 

8 . How can the lack of the appropriate fertilisers of grass-land 
adversely affect the health of children ? Trace the steps from 
the fertiliser to the child. 

9. A gardener used ammonium sulphate year after year to fertilise 
his lettuce plants. At first he got a good result, but later the 
results became poorer and eventually he found nothing would 
grow on this soil. Can you suggest what he had forgotten, and 
what steps would you take to put the matter right ? 

10. If you had the choice of farmyard manure, which had been care¬ 
fully stored, or of chemical fertilisers for your soil, which would 
you choose ? What reasons can you give to support your 
choice ? 
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11. Describe how you would prepare and collect a few gas-jars of 
ammonia. Draw a diagram of the apparatus you would use. 
Explain how you would prepare a specimen of ammonium 
sulphate from this gas. State the importance of this salt. 

(Cambridge Gen. Sci., 1952) 

12. Write an account of the importance of atmospheric nitrogen, 
arranging your answer under the following headings : (a) its use 
by plant life ; (Jb) its use in the synthesis of ammonia ; (c) its 
combination with oxygen. 

(Oxford Gen. Sci., 1950) 

13. Describe an experiment by which you would prepare a specimen 
of nitric acid. Give a diagram of your apparatus. 

Explain fully how you would prepare a dry specimen of nitre 
from nitric acid. 

(Oxford Gen. Sci., 1950) 

14. Describe how you would prepare a sample of pure, dry ammonia 
in the laboratory. 

How would you demonstrate the action of ammonia on 

(a) heated copper oxide, and (d) hydrogen chloride ? How 

would you identify the products in each case ? 

(London Gen. Sci., 1949) 


15. Draw a diagram of the apparatus you would use to prepare and 
collect a gas-jar full of dry ammonia. Label the contents of 
each part and explain why it is collected by the method illus¬ 
trated. Describe an experiment to show that ammonia is very 
soluble in water. 

Ammonia is converted in large quantities into nitric acid. 

Describe THREE large-scale uses of nitric acid. 

(London Gen. Sci., 1953) 


16. Briefly describe the chief physical and chemical properties 
gaseous nitrogen and name TWO important compounds 
nitrogen, stating ONE use of each. 

The element nitrogen is considered an essential constituent 


of 

of 


of 


living matter; state 

(a) in what form it chiefly occurs in living matter, 

(b) in what form it is taken in by the living plant, and 

(c) in what form it is taken in by the higher animals. 

Describe the way in which nitrogen compounds are continually 

replenished in soil under natural conditions. 

(Northern Univ. Gen. Sci., 1951) 
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17. Describe how you would prepare and collect dry ammonia gas 
in the laboratory. 

State THREE of its physical properties, and give one chemical 
test for the gas. 

Explain why (a) the smell of ammonia may be noticed near a 
manure heap ; (b) diluted household ammonia may be used to 
treat an insect sting. 

(Welsh Joint Gen. Sci., 1953) 


CHAPTER 14 


SULPHUR AND SULPHURIC ACID 


Early in 1951 chemistry was once more newspaper headline 
material! “ Sulphur crisis ”, “ Shortage of sulphuric acid ”, 

“ Unparalleled industrial disaster imminent ”, they cried. To 
understand the reasons for this we need to study the most 
important of all chemicals, sulphuric acid (HaSOJ, and find 
out why it is important and how it is made. In a nutshell, the 
answer is that 95 per cent of the world’s supply of sulphur now 
comes from the U.S.A., that sulphuric acid is made from sul¬ 
phur and that this acid is used in almost every industry. It is 
probable, for instance, that much of your underclothing is 
made from rayon, which needs for its manufacture 10 per cent 
of all the sulphuric acid used in Great Britain ; this item alone 
needs 50,000 tons of sulphur. 


OCCURRENCE AND EXTRACTION OF SULPHUR 

Wherever there are volcanoes, there we find plenty of sulphur ; 
plenty, that is, until the advent of the twentieth century, with 
its frightening and extravagant demands on world resources. 
Until then, most of our supplies came from Italy, Sicily and 
Japan. But 50 years ago while drilling for oil in Texas, it was 
discovered that there were vast underground beds of sulphur 
there, and they were about 600 ft. below the surface with quick¬ 
sands between them and the surface. In order to get out the 
sulphur various ways were tried, and eventually a method was 
devised by a young engineer called Frasch and the sulphur has 
been extracted by his method ever since. Three concentric 
pipes are sent down to the sulphur bed and super-heated water 
at 10 atmospheres pressure and a temperature of about 180 C. 
is sent down the outside pipe. Since sulphur melts at only 
114° C., the bed of sulphur is made liquid. Compressed air 
is sent down the inside pipe and makes a froth of molten 
sulphur, air and water which gushes up the median pipe to the 
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surface where it is run into vats and cooled. Note that the 
earthy impurities are not melted and remain below, so that the 
product is 99-9 per cent pure sulphur. 

One of these wells has produced as much as 500 tons of sulphur 
in one day and the world consumption grew from 2,600,000 



Fig. 81.—Frasch process in diagram form 


long tons per year in 1934-8 to 3,600,000 tons in 1940. (A U.S. 
ton contains 2,000 lbs. only.) One of the Louisiana deposits 
was 700 ft. deep, 2500 ft. in diameter and 500 ft. thick. 

A somewhat similar method is being employed in this country 
to obtain hot gas from underground coal seams which are too 
thin or too inaccessible to make it profitable to work them by 
ordinary methods. 

SOME USES OF SULPHUR 

1. By far the most important is the manufacture of sulphuric 
acid. 

2. Matches are made of a compound of phosphorus and 
sulphur (P4S3) and gunpowder contains elementary sulphur. 
Both of these uses depend on the ease with which sulphur 
burns to form the gas sulphur dioxide, especially when 
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mixed with compounds containing oxygen, such as the 
chlorate or nitrate of potassium. 

3. Large quantities are used in the vulcanising of rubber. 

4. The bleaching of paper pulp makes use of sulphites, which 
contain sulphur. 

5. Many sprays and smokes for combating fungal plant pests 
contain sulphur compounds. 

6. There are numerous other uses of this element; the last we 
will mention is its use medicinally. Within the memory of 
many grown-ups children were dosed with brimstone-and- 
treacle if they had “ tummy trouble ” and Dickens im¬ 
mortalised this dosing by Mrs. Squeers at Dotheboys Hall, 
in his famous book, Nicholas Nickleby. 

SULPHUR DIOXIDE (SOg) 

Experiment 105. To prepare sulphur dioxide and examine its 

properties. 

The simplest method is to burn a little flowers of sulphur in a 

deflagrating spoon in a jar of oxygen, but the normal laboratory 



Fig. 82.—Sulphur dioxide preparation 

method is to heat concentrated sulphuric acid with copper scrap. 
The apparatus used is shown in Fig. 82. Since the smell of the gas 
is markedly pungent and distressing to the throat, and since by the 
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ordinary method of collection a lot escapes into the air, it is as well 

to carry out the experiment in a fume chamber if that is feasible. 

The heating must be done gently. 

Test gas-jars as follows : 

1. Drop a piece of moist blue litmus paper into a jar and replace the 

lid. 

2. Leave some coloured flower petals in a closed jar of gas with some 
water. 

3. Invert a jar of the gas in a dish of water and watch the water- 
level. 

4. Invert a jar of the gas in caustic solution and observe the effect. 

5. Expose some straw to the gas in a moistened jar until the straw is 
white, then place the straw in a window for some days. 

6. Drop a single crystal of potassium permanganate into a beaker 
and pour water on to the crystal until a magenta solution is 
obtained. Add a little sulphur dioxide to this. 

7. Add some of the gas to a little orange potassium dichromate 
solution and note the change in colour. 

8. Pass sulphur dioxide from a siphon into a paste of slaked lime 
and water until a clear solution of calcium bisulphite is obtained 
(CaCHSOgjz). Boil this for 15 minutes with shredded brown 
corrugated paper. 

USES OF SULPHUR DIOXIDE 

1. Most of the sulphur dioxide made is required for the manu¬ 
facture of sulphuric acid. 

2. It is used extensively for bleaching, especially for fabrics 
which need a gentle action, such as woollen blankets, silk 
and straw. Since its action is that of a reducing agent, 
exposure to air gradually restores the yellow colour re¬ 
moved by bleaching. 

3. When wood pulp has been treated with calcium bisulphite 
it does not discolour, but untreated pulp soon yellows. 

4. The gas is easily liquefied at ordinary temperatures, and 
most laboratories possess a siphon of the liquid sulphur 
dioxide. It is therefore useful as a refrigerator gas. 

5. 0 035 per cent of sulphur dioxide is used to prevent atmo¬ 
spheric oxygen from destroying the Vitamin C in concen¬ 
trated orange juice. 
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6. It is a poisonous gas and small concentrations are able to 
kill bacteria. It is therefore used for fumigation of premises 
to rid them of disease germs. Small white tablets known as 
Camden tablets are added to bottles of fruit to ensure 
preservation, and drums of fruit pulp for making jam are 
kept in good condition by adding sulphur dioxide. The 
gas has to be driven off by heating before the fruit is used. 


MANUFACTURE OF SULPHUR DIOXIDE 

The gas is made on a large scale for the manufacture of 

sulphuric acid by 

(а) heating sulphur in air, since air contains about 20 per cent 
of oxygen and the other gases of the air do not interfere 
with the reaction, 

(б) roasting iron pyrites (FeSg) in air (the pyrites are imported 
from Spain), 

(c) spent oxide from the gas works, which contains up to 
60 per cent sulphur from the hydrogen sulphide removed 
from the crude coal gas, is heated in air. 



MANUFACTURE OF SULPHURIC ACID 

There are two main processes in use for the manufacture of this 
most essential acid, each of them accounting for about half of 
the world production. The older process is known as the lead 
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chamber process, or more simply the chamber process, and 
although the industrial plant for this purpose is complex, the 
method can be imitated quite easily in the laboratory. Indus¬ 
trial plants have the chambers lined with lead, since the acid 
does not corrode this metal. 

Experiment 106. To demonstrate the chamber process for making 
sulphuric acid. 

A large glass flask of about 5 litres capacity is fitted with a rubber 
bung and four delivery tubes and one exit chimney. 

Tube A is the entry for oxygen, 

Tube B is the entry for nitric oxide. 

Tube C for sulphur dioxide, and 
Tube D for steam. 



The oxygen and the sulphur dioxide are most conveniently obtained 
from a steel cylinder and a siphon respectively and the nitric oxide 
by warming copper scrap with 1-1 nitric acid, i.e. concentrated 
nitric acid diluted with its own volume of water. 

The gases oxygen, sulphur dioxide and nitric oxide are bubbled 
through wash-bottles of cone. H 2 SO 4 to clean them from impurities 
and to enable the operator to watch the rate at which the gases enter 
the flask. 

First pass in oxygen, until a glowing splint held over tube E 

rekindles; that means the flask is full of oxygen. Then pass in 

nitric oxide and then sulphur dioxide at the same rate. After two 

minutes pass in steam and watch for the appearance of needle-like 
crystals. 
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The chemical reactions which go on in the flask are too complex 
to be given in equation form, but it appears that the nitric oxide acts 
as a catalyst to bring about the combination between sulphur 
dioxide and oxygen, which are not easy to combine in practical 
proportions. The combination is represented by the equation 

Sulphur dioxide + Oxygen = Sulphur trioxide 
2SO2 O2 2SO3 

When the experiment is over, take a little of the liquid from the 
bottom of the flask and add a few drops of barium chloride to it. 
A white precipitate of barium sulphate is at once formed, and this 
will not dissolve in dilute nitric acid. This shows that the liquid 
contains sulphuric acid, as no other substance but sulphuric acid or 
a sulphate gives this result. 

In passing, it may interest you to know that the old name for 
sulphuric acid, oil of vitriol, was given to it because it has been 
made since the thirteenth century by heating green vitriol 
(ferrous sulphate, FeSOj). This is easily imitated with a couple 
of test-tubes and a delivery tube. See if you can make a little 
in this way, and get a residue of jeweller’s rouge. 

MANUFACTURE OF SULPHURIC ACID BY THE 
CONTACT PROCESS 

When sulphur dioxide is passed over finely-divided platinum 
at a suitable temperature, together with oxygen, the gases 
combine to form sulphur trioxide. In the laboratory, the 


98% HjSO., 



and drier exchanger chamber 

Fig. 85 .—Diagram of industrial contact process plant 
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platinum is brought into a state of fine division by soaking 
asbestos fibre in platinum chloride (PtCl 4 ) and heating the 
asbestos when the chloride decomposes, leaving behind a fine 
black powder. The material is called platinised asbestos. 

The process was carried out successfully in the laboratory 
long before it became a good industrial process. On account 
of the high cost of platinum, many fortunes were lost, since the 
platinum ceased to be effective very soon after the plant began 
to operate. This was finally traced to the presence in the sul¬ 
phur dioxide of arsenical “ poisons ” derived from the pyrites 
burners, for platinum is very sensitive to poisons. 

The raw sulphur is fed from a hopper by an Archimedean 
screw. The rate of feeding and burning is thus easily con¬ 
trolled. 

The hot gases are then cooled and fed into a tower down 
which strong H 2 SO 4 is slowly trickling. This cleans the gases 
from smoke, and dries them. To make sure that there is no 
smoke left in the gases, a beam of light is shone across a box 
through which the gases travel. Two sides of this box are 
made of glass, so that an observer can look through the box. 
Have you ever looked at the beam of light from the projector 
box at the cinema and seen the swirls of cigarette smoke in the 
auditorium ? If there is any smoke in the apparatus, a similar 
effect is seen, but if the gases are clean, there is a complete 
blank. The pump serves to keep the gases moving in the right 
direction. 

Next they pass through a heat exchanger, where the incom¬ 
ing cool gases are warmed up by the gases coming from the 
catalyst chamber, which has to be kept at 450° C. 

Finally, the sulphur trioxide is absorbed by strong sulphuric 
acid and then diluted to the required strength. The strength 
can be estimated fairly accurately by the Specific Gravity, 
measured by hydrometer. 

Owing to the high cost of platinum, and its sensitivity to 
poison, other catalysts are preferable. In the U.S.A., the 
Monsanto process has been in use since 1935. In this process, 
the catalyst used is vanadium pentoxide (V 2 O 5 ) supported on 
a base of silica gel. At 425° C. this gives a 98 per cent yield. 


I 
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and the catalyst is not easily damaged and is very much 
cheaper, 

A modern method of ridding gases of impurities is called the 
electrostatic precipitator. The gases pass through tubes at 
earth potential, down the centre of which is suspended a wire 
at a potential 20,000 volts lower. All charged particles are 
then attracted to the walls of the tube. This method is now 
being used to remove the last traces of tar from coal gas. 

Concentrated sulphuric acid, 98*4 per cent strength, is a 
heavy oily liquid with a Sp. Gr. of 1-84. It costs less than 
£10 per ton and nearly 2 million tons were produced in this 
country in 1950. It is dangerously corrosive, and this is so 
familiar a fact that the adjective “ vitriolic ” is used to denote 
a fierce and biting verbal attack. 

USES OF SULPHURIC ACID 

1. Manufacture of fertilisers, such as ammonium sulphate and 
superphosphate. The latter is made by boiling bones with 
acid, which makes them more soluble. The former is made 
by neutralising ammonia at the gas works with sulphuric. 

Ammonium + Sulphuric = Ammonium + Hydrogen 
hydroxide acid sulphate hydroxide 

(Base) (Acid) (Salt) (Water) 

2 NH 4 OH H 2 SO 4 (NH 4 ) 2 S 04 2HOH 

These two uses accounted for about 50 per cent of the acid 
consumption in Great Britain in 1947. Rock phosphate is 

used a great deal instead of bones. 

2. Rayon, the so-called “ Art silk ”, or artificial silk, is made 
from wood pulp, that is, from cellulose. The pulp is boiled 
up with caustic soda and carbon disulphide and turns into 
a golden, syrupy liquid called viscose. This liquid is then 
squirted through very fine platinum jets into sulphuric acid 
baths, emerging as 72 fine white filaments. These are then 

twisted together to make a single thread. 

3. The “ pickling ” of steel for tinplating, galvanising, etc. 

(6 per cent). Before steel plate is covered with a protective 
layer of tin or zinc, the film of oxide is removed by dipping 
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into a bath of sulphuric acid. After this treatment the 
coating of tin or zinc adheres much better. 

Ferric + Hydrogen = Ferric + Hydrogen 
oxide sulphate sulphate oxide 

FegOg 3H2SO4 FeaCSOJa SHgO 

4. In accumulators, the electrolyte is sulphuric acid. During 
discharge the acid reacts to deposit lead sulphate on the 
plates and the density of the electrolyte diminishes, but 
during charging the acid is re-made and the density again 
rises to 1-25 gms./ml. The only material which is used up 
is water, and from time to time distilled water must be 
added to “ top up ” the cell. 

5. For making sodium sulphate for treating wood pulp or as 
an aperient. 

Sodium -(- Hydrogen = Sodium + Hydrogen 
chloride sulphate sulphate chloride 

2NaCl H 2 SO 4 Na 2 S 04 2HC1 

The hydrogen chloride is dissolved in water to make 
hydrochloric acid. 

6 . For making the cheapest copper salt, blue vitriol or copper 
sulphate. It is used for fungicidal purposes in Bordeaux 
and Burgundy mixtures, for treating vines and potatoes, 
and it is also used to provide traces of copper in the diets 
of animals which are short of copper. 

7. It is of importance as a dehydrating agent, as you know 
from many examples. 

Experiment 107. To demonstrate the action of vitriol on carbo¬ 
hydrates. 

Go on dissolving sugar in hot water in a beaker until the water will 
dissolve no more and is quite hot. Then pour strong sulphuric acid 
on to the sugar, gently and slowly. Note the black eruption and the 
clouds of steam and the smell of burnt sugar or caramel. 

Sugar — Water = Carbon 
C12H22O11 IIH2O 12c 

Experiment 108. To demonstrate the dilution of sulphuric acid. 

Pour 100 mis. of water into a 250-ml. beaker and measure its 
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temperature. Stir steadily with the thermometer while adding 
slowly 50 mis. of strong sulphuric acid from a measuring cylinder. 
Record the highest temperature attained. The resulting acid is 
rather more than twice the strength of the usual bench acid. Feel 
at the outside of the beaker with the hands. SULPHURIC ACID 
MUST ALWAYS BE DILUTED BY ADDING ACID TO 
WATER. 

If the dilution is carried out in the opposite direction, the heat¬ 
ing is so violent as to be explosive and the concentrated acid 
is thrown around, with disastrous results to anybody in the 
vicinity. 

Experiment 109. To demonstrate the action of oil of vitriol on flesh 
Support a 6 x 1" tube in a vertical position and drop into it a small 
piece of fresh meat of about 1 cm. cube. Cover this completely 
with oil of vitriol so that there is a depth of about 1 cm. of the acid 
above the meat. Let this stand for an hour, stirring gently from 
time to time with a glass rod. At the end of the time pour out the 
contents of the tube into a porcelain dish. What do you see ? 

Let us sum up what we have learned about sulphuric acid by 
a statement made by the great Victorian Prime Minister, 
Disraeli: “ There is no better barometer to show the state of 
an industrial nation than the figure representing the consump¬ 
tion of sulphuric acid per head of population.” 

UNINTENTIONAL SULPHURIC ACID 

Coal contains about 1 per cent of sulphur. When coal is 
burned on a fire this sulphur, of course, forms sulphur dioxide, 
and the action of air and water converts this into sulphuric 
acid which falls with the rain. Since 200 million tons of coal, 
containing 2 million tons of sulphur, are burned in this country 
every year, 6 million tons of acid are produced and given off 
into the air, i.e. three times as much as is manufactured. 

This acid attacks metal objects, e.g. railway lines (the 
corrosion of tracks is much more noticeable in tunnels), metal 
guttering and fall pipes, etc. It also attacks the limestone ot 
which so many of the public buildings of London are built, 
and results in much damage to buildings such as St. Paul s 
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Cathedral. At the gas works this sulphur is recovered and can 
be used to make sulphuric acid for our benefit instead of 
damaging us. 


SOME SULPHATES AND THEIR USES 

Sulphuric acid forms salts with most metals, and the sulphates 
are mostly of direct use to mankind. 


NAME OF 
SALT 

FORMULA 

1 

1 

COMMON 

NAME 

1 

1 

1 

USEFULNESS 

1 

1 

Ammonium '• 
sulphate 

i 

('NH,)SOi 

Sulphate of 
ammonia 

1 

Fertiliser for grass and 
other leafy crops 

i 

j 

1 

Aluminium 

sulphate 

1 

ALfSOJadSHaO 

t 

No other 

1 name 

Flocculation of colloids 
in treatment of water 

Calcium , 

sulphate , 

CaS 04 , 2 H 20 

Gypsum 

1 

$ 

Manufacture of plasters, 
e.g. plaster of Paris 

1 

Copper 

sulphate 

CuS04,5H*0 

Blue vitriol 

! 

Fungicidal sprays and 
electro-plating 

Ferrous 

sulphate 

FeS04,7H20 

1 

1 

1 

Green vitriol : 

1 

t 1 

Ink manufacture and 
! pills for blood disorders 

Magnesium 

sulphate 

i MgS04,7H^0 

i 

1 

1 

Epsom salts 

1 

Aperient 

Sodium 

sulphate 

1 

Na2SO4,10H*O 

1 

Glauber salt 

1 

1 

i 

Aperient and anti¬ 
rheumatic 

Sodium 

thiosulphate 

1 

1 NajSzOa.SHgO 

I 

1 

Hypo 

r 

Fixing photographic 

negatives and prints 

Zinc sulphate 

ZnS04,7H*0 i 

1 

White vitriol 1 

Eye lotions 
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INK AND ITS REMOVAL 

The ordinary blue-black ink writes blue and turns black and 
permanent later. The blue colour is due to a small quantity 
of blue dye and the black is due to the presence of ferrous 
sulphate and gallic acid from the galls which are used in the 
manufacture of ink. The ferrous sulphate and gallic acid react 
to form colourless ferrous gallate and this turns to a black 
ferric gallate when oxidised by exposure to air. A little phenol 
is present in the ink to prevent the ink from becoming mouldy. 

If ink on clothing or other fabrics is washed with warm soapy 
water as soon as it has made a stain, it will be removed easily. 
If, however, it has been allowed to dry, the action of the air 
must be reversed ; the ferric tannate or gallate must be reduced 
to the ferrous salt. 

If the stain is thoroughly wetted with oxalic acid and then 
with ammonia, or with ammonium oxalate solution or with 
potassium quadroxalate solution, more commonly called 
“ salts of lemon ”, the brown ferric stain is gradually changed 
to the pale green ferrous salt, which can then be washed out 
with soapy water. 

Chlorine-containing compounds are not very good for the 
removal of ink, for not only do they often fail to decolorise or 
bleach the stain, but they tend to rot the fabric, and any other 
colour in the fabric may also be removed. 



THINGS TO REMEMBER 

1. The extreme importance of sulphuric acid in the industrial 
community. 

2. The main sources of sulphur in the world and their relative 
accessibility and usefulness for the manufacture of the acid. 

3. Sulphur and sulphur compounds roasted or burned in air 
produce sulphur dioxide NOT sulphur trioxide. 

Sulphur dioxide is the anhydride of sulphurous acid which 
produces salts called sulphites. 

4. The oxidation of sulphur dioxide to sulphur trioxide is the most 
difficult part of the making of sulphuric acid. 

It is brought about in the contact process, the more modern pro¬ 
cess, with the help of catalysts such as platinum or vanadium 
oxide. 

Sulphur trioxide is the anhydride of sulphuric acid which gives 
rise to salts called sulphates. 

5. The properties and uses of sulphur dioxide. 

6 . The properties and uses of sulphuric acid. 

7. The harm done by the oxidation of sulphur in coal, burned in 
open fires. 

8 . The test for sulphates and the action of sulphur dioxide on 
potassium permanganate and potassium dichromate. 

9. Bleaching by sulphur dioxide is a reducing action and tends to 
be undone by the oxygen of the air. 

10. The danger of strong or concentrated sulphuric acid or oil of 
vitriol. 
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1. What prompt first-aid would you give if you encountered a 
person in the lab. 

(a) whose hands had been splashed with oil of vitriol, 

(b) who had inhaled sulphur dioxide rather freely ? 

2. Describe a method for the manufacture of sulphuric acid. 
Explain two uses of sulphuric acid. 

3. Give an account of the preparation, properties and uses of 
sulphur dioxide. 

4. How would you determine whether 

(a) a piece of metal were zinc or iron, 

(b) a liquid were dilute sulphuric or dilute nitric acid, 

(c) a black powder were carbon or copper oxide, 

(d) a white crystalline solid were ammonium sulphate or 
ammonium chloride ? 


In answering a question of this sort describe one test and then 
describe a second confirmatory test. 

5. What materials would you use to remove a stain from 

(a) a silk blouse, 

(b) a tablecloth on which ink has been spilled, 

(c) an enamel basin which has been used for medical work and 
is stained brown ? 

Give reasons for the particular steps you recommend. 

6. Why is it impossible to remove printer’s ink by any bleaching 
process ? 

7. Describe the Frasch process used in the U.S.A. for mining 
sulphur. 

What peculiar properties of sulphur make it possible to use this 
process, and what danger lies in its tremendous efficiency ? 

8. What steps can be taken to prevent the progressive destruction 
of the stone-work of our historic buildings ? 

9. What do you understand by the term catalyst ? 

Name six catalysts you have studied so far in this book and 
name the substances upon which they react and the products of 

the reactions. 
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10. If you are known to be studying science, some of your friends 
may have more confidence in your scientific knowledge than 
you have. Suppose someone brought you a piece of black 
glistening crystalline mineral which was very heavy and asked 
you if it were iron ore, how would you go about testing it to 
answer that question ? 

11. Describe the large-scale preparation of sulphuric acid by the 
contact process. Name three properties which dilute sulphuric 
acid has in common with other dilute acids and one property 
which would enable you to distinguish it from other acids. 

(Cambridge Gen. Sci., 1949) 

12. Outline the contact process for the manufacture of sulphuric 
acid. Use this process to illustrate the meaning of catalysis. 
Mention TWO other examples of catalysis ; state the names of 
the reacting substances and the products of the reaction. 

(London Gen. Sci., 1947) 

13. Enumerate some of the uses of sulphur and of compounds con¬ 
taining sulphur, giving in the latter case an outline of how 
THREE of the substances you mention are prepared. 

(London Gen. Sci., 1949) 

14. In some chemical works large amounts of sulphur are converted 
into sulphuric acid ; explain briefly how this is done. 
Describe TWO experiments you could perform to demonstrate 
that sulphuric acid is a dehydrating agent. What happens when 
the dilute acid is added to (a) zinc, {b) copper oxide, (c) caustic 
soda. 

(Oxford Gen. Sci., 1950) 

15. Describe ONE method whereby pure sulphur is produced com¬ 
mercially. State TWO uses of the element sulphur. 

(Northern Univ. Gen. Sci., 1953) 

16. Describe carefully a laboratory method for the preparation of 
sulphuric acid. What further reagents would you use to pre¬ 
pare from your sample specimens of two other named mineral 
acids ? 

(Northern Univ. Gen. Sci., 1953) 

17. (a) Describe one method whereby sulphur is produced. 

{b) Mention TWO tests you could apply to a yellow powder to 
prove that it is sulphur. 
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(c) Describe ONE use of a named compound containing 
sulphur. 

(Northern Univ. Gen. Sci., 1950) 

18. Name TWO forms in which sulphur occurs naturally, and 
describe a method by which it is extracted. In what ways does 
the gas formed when sulphur burns in oxygen resemble that 
formed by the burning of carbon in abundant oxygen ? 
Explain the bleaching action of sulphur dioxide. 

(Welsh Joint Gen. Sci., 1952) 


19. What are the characteristics of a catalyst ? Describe the manu¬ 
facture of sulphuric acid by the contact process. 

Give an example of the use of a catalyst in the commercial 
manufacture of another acid. 

(Welsh Joint Gen. Sci., 1952, Paper II) 



CHAPTER 15 


CHEMISTRY AND ELECTRICITY 


Here we have one of those branches of science where chemistry 
and physics can no longer be kept apart. 

The electric light and power we use is produced in this 
country by burning coal ; the energy stored in the coal is 
released as heat ; this produces the kinetic energy to drive a 
turbine ; the turbine then drives a dynamo which converts 
kinetic energy into electrical energy. 

It is not surprising to find that the opposite change can 

take place, and that electricity can bring about chemical 
changes. 


Experiment 110. To investigate the analysis of copper sulphate by 
the use of electricity. 

There are many elaborate pieces of apparatus on the market for this 

purpose, but a jam-jar or beaker and a couple of test-tubes and some 

copper wire serve equally well. The best wire to use is plastic- 
covered flex. 

Fit up the apparatus shown in Fig. 87, using the circuit shown 
in Fig. 86. 

The current used must be D.C. 
current, but it is immaterial 
whether it comes from a battery 
of accumulators, or from the A.C. 
mains via a static transformer and 
a rectifier. 

Remember that the current will Fig. 86. —Wiring diagram for 
depend upon the electro-motive electrolysis of copper sulphate 
force applied, which is measured 

in volts, and upon the distance between the electrodes. 

Fill the vessel with copper sulphate solution. The word electrode 

IS applied to the pieces of material through which the current enters 

and leaves the liquid ; that by which the current enters is connected 

to the positive pole (red) of the battery and is called the anode • the 
other is called the cathode or kathode. 

217 




218 CHEMISTRY FOR GENERAL SCIENCE 

Carry out experiments in which the electrodes are: 

{d) both copper, 

(b) both carbon, 

(c) anode copper and cathode carbon, 

(d) anode carbon and cathode copper. 

Note any colour changes, any signs of material being deposited, the 
nature of the gases given off and the relative volumes of the gases. 
Since these experiments are apt to take up a long time, it is as well 
for a class to share them and to pool the results. 

Experiment 111. To demonstrate the electrolysis of water, using 
a voltameter. 

Fill a voltameter with distilled water and connect the terminals to 
a source of E.M.F. of 12 or more volts. 

Switch on the current. What happens ? 



Fig. 87.—Electrolysis of water 

Now pour into the reservoir some dilute sulphuric acid and assist 
the aSd to mix with the water and again switch on the current. 

Does anything happen ? ^ ^ 

Let this go on until one of the side tubes is almost full of gas. Then 

measure the volume of each gas. What is obvious ? 
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Open the tap at the top of the anode side and hold above it a glowing 
splint. Above the other tap hold a lighted taper. Record the 
result in each case. 

Measure the volume of hydrogen produced in 1 minute, 2 minutes, 
by 2 amps, and 4 amps. 

Analysis is a very convenient word, which means to split up 
into components. To analyse a substance by the use of elec¬ 
tricity is conveniently called electrolysis. Now water alone, 
as you have seen, does not conduct a current of electricity, 
but acids, alkalis and salts dissolved in the water give con¬ 
ducting solutions and such substances are called electrolytes. 
Many substances which dissolve in water, such as sugar, 
alcohol and glycerine, do not enable an electric current to flow 
and are therefore called non-electrolytes. 

Experiment 112. To measure the weight of copper set free by electro¬ 
lysis in the same time as 1 gm. of hydrogen. 

This is not an easy experiment to perform, but it is necessary to 
establish Faraday’s Second Law of electrolysis and it is worth 
taking pains to do well. 

Set up two voltameters in series as shown in Fig. 88. One is a 



Fig. 88.—Copper and water voltameters 


copper voltameter, having thin copper plates for electrodes in an 

electrolyte of copper sulphate, and the other is a water voltameter 

provided with a 500-ml. measuring tube and platinum electrodes. 

Have you discovered why the electrodes are made of platinum, and 

why the metal is corrugated ? The electrolyte in this case is dilute 
sulphuric acid. 
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To begin with, clean the copper cathode with fine emery cloth, 
rinse in alcohol, dry quickly over the bunsen, and weigh. Weigh 
again at the end of the experiment after quick drying with alcohol. 
Let the current flow until the graduated tube is full of hydrogen and 
measure the volume of the hydrogen when the level of the water 
inside the tube and outside is the same. 

Now 1 litre of hydrogen at N.T.P. weighs 0-0896 gm., so your gas 
weighs 0-0448 gm. if its volume is exactly 500 mis. From your 
weights of the cathode before and after the experiment, calculate 
the weight of copper which is liberated at the same time as 1 gm. of 
hydrogen. Is it about 1-4 gms. ? 

FARADAY’S LAWS OF ELECTROLYSIS 

Remember that in scientist’s parlance a Law is a summary of 
observed facts. Michael Faraday made a large number of 
meticulous experiments to measure the effects observed in the 
last experiment, and he summed up the results obtained as 
follows ; 

(1) The weight of a substance liberated in electrolysis is 
directly proportional to the quantity of electricity used 
(Quantity of electricity in coulombs 

= Current in amps, x Time in secs.) 

(2) When the same quantity of electricity is passed through 
different electrolytes, the weights of substances liberated 
are in the ratio of their gram-equivalents. 

(The gram-equivalent of an element is that weight which 
combines with or replaces one gram of hydrogen or eight 
grams of oxygen.) 

THE IONIC THEORY 

All the phenomena of electrolysis can be explained by the 
theory of ions, first advanced by the Scandinavian scientist 
Arrhenius, who was Professor of Chemistry at Uppsala in 
Sweden. The word “ ion ” was coined from the Ancient 
Greek verb which means to go or to travel. 

The main points of the theory were 

(1) When an electrolyte dissolves in water its molecules dis- 



CHEMISTRY AND ELECTRICITY 


221 


sociate (split up) into smaller units, each with an electrical 
charge. These smaller units are called ions. Often an ion 
is an atom with a charge attached to it, but it may also be 
a group of atoms such as SO4. 

e.g. NaCl = Na+ + Gl¬ 
and AgNOa = Ag+ + NO3- 

(2) The electrical charge of an ion is proportional to its 
valency. 

e.g. CaCla = Ca++ + 2C1- 

and CUSO 4 = Cu++ + SO 4 — 

Try to avoid two common misconceptions about this 
theory ; 

An ion is not an atom, but an atom with an extra charge 
of electricity associated with it. Brine is not an assembly 
of atoms of sodium and chlorine, but of ions of sodium and 
chlorine, a very different state of affairs. 

Ionisation of an electrolyte has occurred even before it dis¬ 
solves. It does not have to wait upon electrolysis. Electro¬ 
lysis merely separates the ions by attracting those with negative 
charges to the anode and those with positive charges to the 
cathode. Water dissociates into ions very reluctantly. 

The hydrogen of acids, and all metals, have positively charged 
ions and are therefore always set free at the cathode. Acid 
radical ions have negative charges and are set free at the anode. 
The electrolysis of water is not easy to understand at first. 
The modern view is that the ions of sulphuric acid only carry 
the current, and that ions of water are discharged. An older 
explanation was as follows : Since there is no such molecule 
as SO4, it follows that when SO4 ions are discharged at the 
anode something must happen to them to make them dis¬ 
appear, and it is suggested that the SO4 removes two hydrogen 
atoms from a molecule of water ; releasing an oxygen ion, 

which then goes to the anode, gives up its charge and is set 
free as oxygen. 

Such a reaction as this is called a secondary action, and the 
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electrolysis of water can be su] 



med up in this manner; 


H 2 SO 4 = 2H+ + SO 4 - - 

SO4- - + H2O = H2SO4 + o- - 



+ 0 


SOME IMPORTANT INDUSTRIAL APPLICATIONS 
OF ELECTROLYSIS 

1. Purification of copper by electrolysis 

Like most electrolytic processes, this depends on a cheap 
supply of bulk electricity, and where the native copper occurs 
in the same area as cheap electricity, as it does on the shores 
of Lake Superior, this process is easy. The principle only of 
the method is described here. 

The positive lead of the current is attached to the impure 
copper, which therefore becomes the anode. This is sur- 



Fig. 89.—Obtaining pure copper from rock containing the metal 

rounded by a bath of copper sulphate solution and a rod of 
pure copper is used for the cathode. During the passage of 
the current the copper leaves the anode and is deposited at the 
cathode. All impurities sink to the bottom of the tank or go 
into solution in the electrolyte. 

2. Electroplating 

This means the covering of a base metal with one of greater 
value, in order to protect the base, or to make it more 
decorative. 

The reason why chromium is not deposited directly on iron 
is that it soon flakes off if done in this way. 
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PURPOSE 

; 1 

BASE ’ 

COVER 

1 

ELECTROLYTE 

Increase attractiveness 

Copper or 
brass 

< 

\ 

1 

Silver 

1 

Potassium silver 

1 

cyanide 

Increase hardness of sur¬ 
face, e.g. gramophone 

1 record matrices 

) 

1 

j 

Nickel on i 
copper on 
! nickel on 
iron 

1 

Chromium 

1 

1 

Chromic acid 

} 

• 

1 

\ 

t 

1 1 

1 

Restoring worn surface 
! of machinery 

1 

1 

Iron or 
steel 

1 

1 Nickel 

Nickel ammonium 

/ 

sulphate i 

1 i 

Provide resistance to cor¬ 
rosion 

1 

Iron 

1 

Tin or 
nickel 

: Sodium stannate 

1 

1 


3. Manufacture of magnesium metal 

Active metals like magnesium or sodium or aluminium cannot 
be prepared by electrolysis of a solution of the chloride, 
because hydrogen is set free more readily than the metal. 



Molten Mg 
Sp.Gr.l*7 

Carbon anode 
Iron cathode 


rmn 

Heat 


Molten 
MgCl 2 + NaCI 
Sp. Gr. 21 


Fig. 90. —Apparatus for preparing magnesium metal by electrolysis 


The molten or “ fused ” chloride is therefore used at a tempera¬ 
ture of about 700° C. Sodium chloride is mixed with the 
magnesium chloride. There are many difficulties in this pro¬ 
cess, since chlorine is also given off and is most active in 
attacking other materials, and magnesium is inflammable. 
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4. Manufacture of aluminium 

Although aluminium is the third in order of occurrence in the 
earth’s crust, 8 per cent as against 5 per cent iron and 3*6 per 
cent calcium, it has not yet proved possible to extract it from 
the clay and other compounds in which it is a component. 
The mineral used as a source is called bauxite, which was first 
discovered at Les Baux in southern France and is now found 
in the U.S.A, and the Guianas. The ore is first treated with 
caustic soda in such a manner that pure aluminium oxide 
is obtained. This alumina, to give it the shorter name it 
possesses, does not dissolve in water and it melts at over 
2000 C. In 1886 a 23-year-old American, Charles Hall of 
Ohio, found that a mixture of cryolite (sodium aluminium 



Fig. 91.— Aluminium cell 


fluoride Na 3 AlF 6 )and alumina would melt at just over 1000° C. 
and that this mixture yielded molten aluminium on electrolysis. 
In Great Britain the aluminium extraction plants are in Scot¬ 
land, where there are big hydro-electric plants. The cells in 
which the process takes place are lined with carbon with an 
outer case of steel. 500-700 lbs. of aluminium are pro¬ 
duced every 24 hours and the cell goes on for as long as three 
years without renewing the lining, but for every ton of metal 
produced about ^ ton of the carbon anode is burned away by 
the oxygen produced. 

A current of about 32,000 amps is used, and the heat produced 
by the passage of such a colossal current melts the aluminium, 
which being heavier than the molten mixture, sinks to the 
bottom of the cell and is removed at intervals. 



CHEMISTRY AND ELECTRICITY 


225 


The decomposition is represented by 

2 AI 2 O 3 = 4A11 + 3 O 2 t 


5. Manufacture of zinc 

The commonest ore used is zinc sulphide. When this is 
roasted in air, zinc oxide and sulphur dioxide are formed. 

Zinc sulphide,-!- Oxygen = Zinc oxide -r Sulphur dioxide 
2ZnS 3 O 2 2ZnO 2 SO 2 

The basic zinc oxide is then dissolved in sulphuric acid to form 
zinc sulphate. 

Zinc oxide Sulphuric acid = Zinc sulphate -j- Water 
ZnO H 2 SO 4 ZnSO^ H 2 O 

Upon electrolysis of the zinc sulphate, very pure zinc is 
deposited on the cathode. 


6. Manufacture of caustic soda and of chlorine 

Sodium hydroxide or caustic soda (NaOH) is used on a very 
large scale for the manufacture of soap, in the textile industry 
for “ mercerising ” cotton, i.e. for giving cotton a shiny appear¬ 
ance, in the manufacture of rayon by the viscose process and 
many other ways. Can you recall one use that has come 
recently to your notice ? 

There are three principal methods in use for the electrolytic 
production of caustic soda, each with its special advantages and 
drawbacks. The method described here is called the Kellner- 
Solvay mercury-cathode cell method. On account of the 



Chlorine exits 

Carbon anodes 
Brine 

Mercury cathode 
Mercury return route 

Caustic soda solution 


Fig. 92.—Kellner-Solvay method of manufacturing caustic soda 
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heavy initial cost of mercury it is not greatly favoured, but the 
mercury is recoverable and the caustic soda produced is very 
pure. A large E.M.F. is needed for this process. 

The mercury streams slowly through the tank because the 
floor has a slight slope (from right to left in our figure). The 
mercury is made the cathode of the cell so sodium is liberated 
there and amalgamates with the mercury, i.e. it forms an alloy 
with the mercury. 

The chlorine is led from the top of the tank by pipes which 
resist the corrosive action of chlorine and is used to make 
bleaching powder, etc. The sodium amalgam siphons off into 
a lower tank of iron, which contains water. Here the sodium 
reacts with the water, forming a solution of sodium hydroxide, 
while the mercury flows slowly into a collecting tank at end A 
where an Archimedean screw returns it to the upper tank. 
When the sodium reacts with the water in the lower tank, 
hydrogen is formed and this is drawn off by pipes and used. 

When the caustic soda solution reaches a concentration of 
40 per cent, it is drawn off into iron pots and evaporated to 
dryness and then melted and cast into sticks or pellets. 

Here again we have an example of a process in which nothing 
is wasted and in which the raw materials, salt and water, are 
very cheap. 

Experiment 113. To study the electrolysis of sodium sulphate 
solution. 

Here is an experiment which is easy to carry out, which yields 
obvious and clear results, but which can only be interpreted if the 
experimenter has a clear grasp of the theory of electrolysis. 

Divide a 6 " U-tube into two parts by putting a little blotting paper 
or cotton wool into the bend, so that liquids cannot pass quickly 
from one limb of the tube to the other. Fill the tube with a solution 
of sodium sulphate and leave it to stand for some 24 hours so that 
the blotting paper partition is thoroughly impregnated with the 
solution. 

Nothing is to be gained by haste in this case. Now colour the 
liquid in both limbs with neutral litmus and insert an electrode into 
each limb. If platinum is available, use it; if not, improvise from 
carbon rod or copper foil. The carbon rods from worn-out dry 
cells serve excellently. 
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Let the electrodes get as close to one another as they can, because 
the resistance of any conductor is directly proportional to its length, 
and therefore the further apart the electrodes are the bigger the 
resistance of the liquid will be, and the larger the E.M.F. you will 
have to use to drive the current through the apparatus. 

Remember also that the resistance of a conductor is inversely 
proportional to its cross-section ; in other words, the wider or fatter 



Fig, 93.—Electrolysis of sodium sulphate 

a conductor the bigger the current it can carry. The bigger your 
electrodes, the better they will work. 

What gases are given off by the apparatus ? Identify each gas with 
certainty. One is hydrogen and the other oxygen. 

In which tube is each gas produced ? 

What colour is produced in the litmus in each tube ? 

Remember that in the first instance the sodium sulphate is decom¬ 
posed in accordance with this equation. 

NazSOi = 2 Na+ + SO4- - 

Can you carry on the argument from here to explain what you have 
observed ? 
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THINGS TO REMEMBER 

1. The meanings of the words electrolysis, electrolyte, electrode, 
anode, cathode and ion. 

2. That metals are liberated at the cathode, or negative electrode, 
and that hydrogen is also always set free at the cathode. 

3. That non-metals, other than hydrogen, are always liberated at 
the anode or positive pole. 

4. That active metals such as magnesium, aluminium and sodium 
must be prepared in the absence of water. 

5. That the nature of the electrode often complicates an electrolytic 
process ; for instance, if copper electrodes are used for the electro¬ 
lysis of brine, copper chloride is formed and the electrode is 
rapidly eaten away. Carbon electrodes absorb a certain amount 
of gas which would be liberated by platinum electrodes. 

6. Electrolytic processes in industry depend on a plentiful supply of 
cheap electricity. This is available in countries where hydro¬ 
electric schemes operate, either through natural waterfalls, as at 
Niagara, or where water from mountainous areas can be piped 
to turbines. The latter is done in Scotland, at the Boulder Dam 
in the U.S.A., and the Barrage de Genissiat in France. 

7. Faraday’s Laws of Electrolysis should be memorised ; there are 
only two. 

8. The metals most commonly used in electro-plating, viz. copper, 
silver, nickel, chromium and more recently tin. 
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QUESTIONS ON CHAPTER 15 


1. Can you suggest why a copper voltameter should have two 
anodes and only one cathode ? 

2. In the days of direct-current mains, it was usual to test the 

polarity of the leads by putting the ends of bare wires into a jar 

of brine. A lamp was included in one of the leads as shown in 
the sketch. 

What happened at each of the bare ends of wire, if the wire used 
was copper, and what happened if the man of insatiable curiosity 
forgot to use the lamp ? 



3. Pole-finding paper is made from filter-paper impregnated with 
various substances and then dried. One is made with potas¬ 
sium iodide and starch solution and another from sodium 
sulphate and litmus. The paper is moistened and the bare ends 
of the wires under test placed on the paper about 1 cm. apart. 
Describe and explain what happens in each case. 

4. Draw a diagram, marking anode, cathode and direction of 

current, to show how you would copper-plate an article by 
electrolysis. 

5. Explain why dilute sulphuric acid will conduct an electric 
current. 

6 . Describe what is seen to happen when an electric current is 
passed 

(a) through acidified water using platinum electrodes, 

(b) through a solution of copper sulphate with a copper anode 
and a nickel cathode. 

Draw sketches of the apparatus you would use to carry out 

these two experiments. What important scientific fact can be 

demonstrated by experiment (a), and what industrial use is 
made of experiment (b) ? 

(Northern Univ. Gen. Sci., 1948) 
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7. Describe an experiment to show that copper sulphate is decom¬ 
posed when an electric current is passed through it, stating the 
results you would expect to observe. State ONE practical use 
that is made of this effect. 

(Oxford Gen. Sci., 1953) 

8. Draw a diagram of the CIRCUIT you would use in the electro¬ 
lysis of dilute sulphuric acid when using platinum electrodes. 
What is liberated at each electrode ? 

Outline two practical uses of electrolysis. 

(Cambridge Gen. Sci., 1951) 

9. What do you understand by electrolysis ? How would you 
prepare a quantity of hydrogen by this process ? 

Mention two examples of electro-plating. What are the 

advantages of plating metallic objects ? 

(London Gen. Sci., 1947) 

10. An electric current is passed in turn through 

(i) a solution of copper sulphate by means of copper electrodes 

a and b, and 

(ii) dilute sulphuric acid by means of platinum electrodes c and 
d. State what happens at each electrode. 

(Northern Univ. Gen. Sci., 1950) 

11. Make a labelled diagram of the apparatus you would use to 
show by electrolysis the composition of water, and state the 
conclusion to be drawn from this experiment. 

Explain briefly how electrolysis can be used in the purification 

of a metal. 

(Welsh Joint Gen. Sci., 1952) 



CHAPTER 16 


SALT AND ITS DERIVATIVES 

One of the commonest of the chemist’s raw materials is 
common salt or sodium chloride (NaCl). It is found all over 
the world, and some of its sources are shown in summary form 
to indicate its ubiquity. 

The oceans contain about 3 per cent of sodium chloride in 
their brine. 

The Dead Sea has about 7 per cent of sodium chloride, as well 
as many other salts (Plate 5). 

Vast underground deposits have been worked in Cheshire 
since about 1700. 

The rock-salt mines in Polish Galicia have been worked for 
600 years and we are told that there are whole towns hewn from 
the rock-salt underground. 

The salt deposit there is said to be 500 miles long and 1,200 feet 
thick. 

In Kansas, Oklahoma, Texas and New Mexico there are beds 
which are said to be 100,000 square miles in area and are 
estimated to contain 30 million million tons of salt! 

At Stassfurt in Saxony there is a great deposit which 
contains a great deal of the less common potassium salt 
also. 

EXTRACTION 

In many sea-shore districts the brine is simply run into 
“ salterns ”, or large shallow lakes, and the sun evaporates the 
water and leaves the solid salt. On the stamps of the British 
West Indian island of Turks and Caicos are pictures of men 
raking the salt into piles. 

In Poland the salt is cut out in solid chunks, but in Cheshire 

water is pumped below the surface so as to dissolve the solid 

salt, the brine is then pumped to the surface, and the salt 

extracted in steam-heated pans. The salt produced in this 
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country is only 9 per cent of the world’s annual output, which 
is in the neighbourhood of 32 million tons per year. 

Motor racing has been carried on for years on the great salt 
lake of Utah (Plate 14). 

IMPORTANCE OF SALT TO HUMANS 

It has been estimated that an adult human needs 12 lbs. of salt 
per year. The Roman soldier was given salt as part of his 
pay, hence the word salary. It is well known that everybody 
must have some salt in the diet to keep fit, and in many parts 
of the world this need has been employed to tax people. You 
have probably read how travellers in Central Africa reward 
the natives for services rendered by giving them bags of salt. 
People who have insufficient salt in their diet suffer from goitre, 
although it is apparently the lack of sodium iodide rather than 
sodium chloride which is important. If salt is made too pure, 
that is the sort of thing that happens. On the other hand, 
crude salt contains magnesium chloride, which is deliquescent 
and causes the salt to become wet and caked. 

When we sweat, we exude salt on to the skin. People who 
sweat freely owing to their work must not drink pure water, 
but salty brackish water, if they wish to keep fit. An average 
loss of sweat is from 200 to 500 mis., or about 25 oz., every day, 
and the record for sweating is said to be a loss of 18 lbs. in 
5^ hours by a miner. 


SALT IS USED AS A RAW MATERIAL FOR 

(fl) Human consumption and “ licks ” for farm animals. 

(Jy) Manufacture of soda ash for the glass, soap, washing soda 
and paper industries. Up to 40 per cent of the world s 

production is required for these. 

(c) The electrolysis of brine for producing caustic soda, which 

is needed in the soap, rayon, paper and wood pulp indus¬ 
tries, and for the preparation of the aluminium oxide from 
bauxite for the manufacture of aluminium metal. 

(c/) The preparation of chlorine, required for bleaching. 
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sterilising water for drinking and in bathing pools ; and 
the manufacture of hydrochloric acid. 

(e) In the form of salt in tanning, curing fish, bacon and meat, 

making pottery and preparing sodium chlorate for killing 
weeds. 

In this country the wholesale price of salt is £5 per ton in 6 ton 
lots. (Exact price depends on railway rates.) 

The retail price of sodium chloride is 6d. per lb. and that of 
sodium chlorate is l^. 6d. per lb. 

Experiment 114. To prepare hydrogen chloride and examine its 
properties. 

By the action of strong sulphuric acid on sodium chloride, hydrogen 
chloride is produced, according to the equation 

NaCl + H 2 SO 4 = NaHS 04 + HCl 

If common salt is used, the action tends to become uncontrollable, 
so it is usual to employ either rock salt, or to fuse the common salt 
beforehand. Additional control is gained by adding the acid a 
little at a time through a dropping funnel. 



Fig. 94.—Preparation of hydrogen chloride and hydrochloric acid 

Since the gas is heavier than air, it is collected by passing it 
downwards into a gas-jar. 

A good deal of heat is generated during the reaction, but a little 
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may be needed to start the action when rock salt is used. A wash- 
bottle of strong sulphuric acid will ensure that the gas collected is 
dry, but the strong sulphuric acid in the generating flask dries the 
gas, and the main use of the wash-bottle is to give a visual indication 
of the rate of flow. 

The dry gas is properly called hydrogen chloride and its solution 
in water is hydrochloric acid. 

If the acid is required, the gas is passed into water via a funnel, 
as the gas is very soluble in water. 

Examine the effect of the gas on dry blue litmus paper, and then 
on moist. 

Blow the fumes from a bottle of strong ammonia across the top 
of an open jar of hydrogen chloride. 

Note the effect of breathing across the top of a jar. Avoid in¬ 
haling the gas. 

Test the reaction of the solution of the gas with (a) zinc, {b) sodium 
carbonate. Are the results what one would expect from an acid ? 
Carry out the fountain experiment with the gas. 

Experiment 115. To test a solution for the presence of chlorides. 

Dissolve a very small quantity of common salt in a little water in 
a test-tube and add a couple of drops of dilute nitric acid and then 
one drop of silver nitrate solution. Shake the mixture and note the 
cloudy whiteness that develops. Now add several drops of 
ammonia solution. Does the liquid clear ? This test for chlorides 
is very delicate and sensitive. 

Obtain the white precipitate again and stand the tube in the light. 
After an hour has any change occurred ? 

The chloride and bromide of silver are used for photographic films, 
etc., because they darken on exposure to light. 

Test the contents of a dry cell, Fluxite, Odorono, and a potash 

fertiliser. 

Experiment 116. To prepare chlorine by the oxidation of hydro¬ 
chloric acid. 

When magnesium or sulphur burn in air to form oxides, it is very 
obvious that oxidation has taken place. If ferrous sulphate is 
exposed to air, its green colour changes to brown, and again we say 
oxidation has occurred. In these instances, and many others that 
you will find if you look back through this book, the oxidation 
process involves oxygen. But in this experiment, we are going to 
change hydrogen chloride to chlorine, and neither of these contains 
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oxygen. How, then, can the process be called oxidation ? After 
the experiment has been done we will come back to this point. 
Note with care that chlorine is poisonous and must not be breathed 
into the lungs ; if it is, very serious results may follow. If by chance 
chlorine is inhaled, a sniff of ammonia is useful as an antidote. The 
apparatus should be set up in a fume cupboard if possible, and a 
respirator of the service pattern is always handy in a well-organised 
laboratory when chlorine is being used. Small lumps of granulated 
manganese dioxide are placed in a 250-ml. flask and 1-1 hydro¬ 
chloric acid is added by means of a thistle funnel. Some books 
recommend the use of concentrated acid, but this tends to get out of 



control when used by people who are not expert, and a mixture of 

1 part of the cone, acid and 1 part of water is better. 

When the apparatus is connected, as shown, the flask is gently heated. 

Since the gas is much heavier than air, it may be collected in a gas- 

jar by displacement of air. In this way, however, the air of the 

room soon becomes intolerable unless the experiment is conducted 

in a fume chamber, and it is better to collect it over warm water. 

It is also prepared by dropping concentrated hydrochloric acid 

from a dropping funnel on to crystals in a flask of potassium 
permanganate. 

Manganese + Hydrochloric = Manganese + Water Chlorine 

' dioxide acid chloride 

MnOa 4HC1 MnCla 2 H 2 O Clz^ 
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The hydrogen chloride is said to be OXIDISED to chlorine 
because hydrogen has been taken away. 

2HC1 - Ha = Cla OR 2HC1 O = Cla + HaO 

Taking away hydrogen gives the same result as adding oxygen. 
PROPERTIES OF CHLORINE 

In preparing the gas, you have not been able to miss its green 
colour and its characteristic smell. The name chlorine comes 
from the Greek word for green, and if you don’t know the 
meaning of the word characteristic you must now make sure 
what it does mean. You have inferred from the use of warm 
water that it dissolves in cold water, you know that it is heavier 
than air and that it is poisonous. Now try these tests and 
record the properties that are not quite so obvious : 

(1) Put some litmus paper, some flower petals, coloured cloth, 
some paper with words written in ink, and some paper with 
printed words, into a jar of moist chlorine. 

(2) Repeat with similar objects with a jar of dry chlorine. 

(3) Generate some hydrogen from zinc and dilute sulphuric 
acid, and when you are certain only hydrogen is issuing 
from the delivery tube, light the jet of hydrogen and direct 
it into a jar of chlorine. Blow across the mouth of the jar. 

(4) Plunge a lighted wax taper into a jar of chlorine. 

(5) Very cautiously warm a few drops of turpentine on a 
filter-paper and drop the paper into a jar of chlorine. 

(6) Sift some ground-up antimony metal through an old silk 
stocking into a jar of the gas. Don’t inhale the resulting 

fumes. 

(7) Pass a little chlorine into a solution of potassium iodide 
mixed with a little starch. 

(8) Pass chlorine into a cold, dilute solution of caustic soda 
and note the colour, smell and temperature of the resulting 
liquid. Then treat with very dilute acid and observe. 

Experiment 117. To prepare, and to use, bleaching powder. 

Put a layer of about i" of moist slaked lime at the bottom of a 
conical flask and pass into the flask chlorine gas which is coming 
slowly from a generator. Shake the flask about at interva s. 

Remember to be cautious about inhaling. 
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Water 

I 



Bleach paste Water rinse Anti-chlor 



Fig. 96.—Using bleaching powder 


Final wash 
5 


Set out in a row five fairly big white dishes of porcelain or enamel. 
Into No. 1 put clean water. 

Into No. 2 put a cream made with the contents of the conical 
flask and water. 

Into No. 3 put clean water. 

Into No. 4 put a solution of sodium thiosulphate in water. 

Into No. 5 put warm soapy water. 

Now obtain a few assorted scraps of coloured materials, cotton and 
wool and silk and rayon, soak in No. 1, allow to lie in No. 2 for 
about half an hour, rinse in No. 3, soak for ten minutes in No. 4 
and wash in No. 5. 

Have all the colours been bleached ? Have any materials been 
harmed ? Is there any trace of chlorine smell in any of them ? 




USES OF CHLORINE 

Chlorine was discovered in 1774 by a Swedish chemist called 
Scheele. It was soon found that it could easily be absorbed 
by moist slaked lime to form bleaching powder, and this 
material was therefore a cheap source of the chlorine used in 
huge quantities in the nineteenth century in this country for 
the bleaching of cotton goods, which were one of our most 
profitable exports at that time. Bleaching powder is not used 
for wool, silk or straw. It is not easy to store because a little 
chlorine escapes from its union with the lime and attacks and 
rots the container, and thereupon absorbs water from the air 
and cakes into an awkward lump. At the beginning of the 
last war, when some people expected the Germans to use 
mustard gas and lewisite against the civilians of this country 
by spraying it from the air, enormous quantities of “ bleach ” 
were stocked for decontamination purposes, as chlorine 
decomposes these compounds and thus renders them harmless. 
The bleach was to be spread over all roads where the “ gas ” 
had been sprayed ; what was to happen to trees and roofs and 
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every other surface was left to the imagination ! The lecturers 
of those days rather naively told their pupils that chlorine 
smelled of bleaching powder ! 

The use of chlorine for sterilising drinking water and bathing 
pools has been mentioned already. 

Large numbers of organic compounds now in everyday use 
contain chlorine : 

the anaesthetic chloroform, CHCI3, 
the fire-extinguisher and grease solvent carbon tetra¬ 
chloride CCI4, 

the insecticide dichlorodiphenyltrichlorethane, 
(C 6 H 4 Cl) 2 :CHCCl 3 (this name and formula are con¬ 
densed for public use to D.D.T.), 
the selective weed-killer methoxone, 
the antiseptics made by chlorinating coal tar products, 
such as T.C.P. and Dettol, to mention a very few. 

ESTIMATION OF DOMESTIC BLEACHING AGENTS 

Many of the liquids sold for domestic use are made by the 
action of chlorine on sodium hydroxide solution. 

Sodium -f- Chlorine = Sodium + Sodium -f Water 
hydroxide hypochlorite chloride 

2NaOH Cl 2 NaOCl NaCl H 2 O 

When treated with acid, this reaction is reversed and the 
chlorine is set free. Compare this with the action of bleaching 
powder. 

The chlorine sets free iodine from potassium iodide solution. 

Potassium -j- Chlorine = Potassium -f- Iodine 
iodide chloride 

2KI CI 2 2KC1 I 2 

The weight of iodine set free is proportional to the strength 
of the chlorine in the bleaching solution, and can easily be 
measured (the chemist often uses the word “ estimation ” in 
this connection) by observing the volume of sodium thio¬ 
sulphate (hypo) solution which makes the brown colour of 

the iodine disappear. 
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Kxperiment 118. To estimate the chlorine in a domestic bleaching 
agent. 

Any of the following will serve for this experiment: Blue Ram, 
Brobat, Chloros, Domestos, Durazone, Ink eradicator, Milton, 
Parazone, Pure-white, Snow-white, etc. 

Pour half the contents of a small bottle into a Winchester quart 

bottle and dilute to 2| litres by adding water and shaking thoroughly. 

Measure 10 mis. by means of a pipette into a conical flask, which 

already contains 25 mis. of 3 per cent potassium iodide solution and 

25 mis. of bench sulphuric acid. Mix the contents of the flask 
thoroughly. 

Fill a burette with a solution of sodium thiosulphate of strength 
25 gms. per litre, and run this solution into the flask, 1 ml. at a time, 
until the brown colour of the iodine disappears. Note the volume 
of hypo used. This titration gives an approximate value and is 
called a pilot titration. Next repeat the titration accurately, using 



Industrial reactions - Laboratory reactions - Other reactions 

Fig. 97.—Products from salt 
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the pilot result as a guide. To make quite sure of the end-point, 
you may use a white tile under the flask or, better still, add a couple 
of drops of starch solution and watch for the final disappearance of 
the blue colour. 

The chemistry of the reaction is indicated by the equation 

Sodium 4- Iodine = Sodium + Sodium 
thiosulphate iodide tetrathionate 

2 Na 2 S 203 I 2 2NaI Na 2 S 40 g 

Colourless Brown Colourless Colourless 

If you repeat with a 10 per cent solution of sodium hypochlorite 
solution (NaOCljNaCl) as supplied to laboratories at Ij. 6d. per lb., 
you may be surprised at the comparison of the results. 




MGS TO REMEMBER 


1. The reactions and products shown in Fig. 97. 

2. How to prepare hydrogen chloride and chlorine in the labora¬ 
tory, and the different reagents used for these two preparations. 
It is easy to be confused between these two, so thank carefully 
about them and commit them to memory thoroughly. 

3. An oxidising agent will add oxygen or remove hydrogen. Thus 
chlorine is an oxidising agent because in sunlight it will set free 
oxygen from water by removing (combining with) the hydrogen. 

4. The test for a chloride with silver nitrate and dilute nitric acid. 

5 . The sequence of events in the bleaching of materials with bleach¬ 
ing powder. 

6 . The extreme activity of chlorine gas and the consequent danger 
to the lungs if inhaled and to fabrics if every trace of chlorine is 

not removed after bleaching. 

7 . The use of sodium thiosulphate as an anti-chlor, i.e. a substance 
which completely removes traces of chlorine from materials. 

3 The reason for using rock salt or fused salt for the preparation 
of hydrogen chloride. 



QUESTIONS ON CHAPTER 16 


1. Describe the laboratory preparation of chlorine, making a care¬ 
ful drawing of the apparatus you would use. 

Describe three properties of chlorine by which you could 
identify your product. 

State two industrial uses of chlorine. 

(Northern Univ. Gen. Sci., 1948) 

2. Describe the preparation of hydrochloric acid from salt. How 
would you distinguish this acid from the other common acids 
of the laboratory ? 

Give the equations for the action of this acid on {a) chalk, 
{b) ammonium hydroxide, (c) bleaching powder solution. 

(London Gen. Sci., 1948) 

3. How could you demonstrate visually, by a chemical test, that 
sea water contains a great deal of salt ? 

4. What are the arguments for and against the purification of 
common salt for domestic use ? 

5. Explain (a) how sodium thiosulphate acts as an anti-chlor, 

ib) how it is that when a taper burns in chlorine there 
are clouds of black smoke and a pungent smell. 
Try to write equations to amplify your explanations. 

6. Give a fully labelled diagram of the apparatus you would use 

to prepare a solution of hydrochloric acid starting with common 
salt. 

How would you use hydrochloric acid to prepare hydrogen ? 
Name four commercial uses of hydrogen. 

(Cambridge Gen. Sci., 1949) 

7. Describe the preparation of a few gas-jars of dry chlorine free 
from hydrogen chloride. Draw a diagram of the apparatus 
you would use. 

Describe and account for two uses of chlorine. 

(Oxford Gen. Sci., 1952) 

8. Name two substances which can be made from common salt, 
and describe how you would make each of them. 

State one important use for each of the substances you choose. 

(Oxford Gen. Sci., 1950) 
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9. Starting from hydrochloric acid, describe how you would pre¬ 
pare a few gas-jars of dry chlorine. Draw a diagram of the 
apparatus you would use. 

What reaction occurs when chlorine is passed into cold dilute 
caustic soda solution ? Name one use of the product. How 
does chlorine sterilise drinking water ? 

(Oxford Gen. Sci., 1953) 

10. Describe fully the laboratory method for preparing hydrogen 
chloride gas. What alteration would you make to your 
apparatus to obtain hydrochloric acid ? 

Where does this acid occur in the human body and what is its 
function ? Give one simple test by which you could distinguish 

between hydrochloric acid and sulphuric acid. 

(London Gen. Sci., 1950) 

11. Describe the laboratory preparation of dry chlorine. 

Chlorine is said to be an oxidising agent. What do you under¬ 
stand by this ? Illustrate your answer by reference to two simple 

experiments you can perform with chlorine. 

(London Gen. Sci., 1947) 

12. Give an illustrated account of the laboratory method of prepar¬ 
ing chlorine. Mention three properties of the gas. 

What is the effect of sunlight on : (a) a solution of chlorine in 

water, (Jb) equal volumes of hydrogen and chlorine ? 

(London Gen. Sci., 1946) 

13. (a) Describe the laboratory preparation of hydrochloric acid. 

Illustrate your answer by a careful diagram. 

(^) Explain how you would proceed to obtain, from the reaction 

between your sample and calcium carbonate, a specimen of 

anhydrous calcium chloride. 

(Northern Univ. Gen. Sci., 1952, Paper II) 

14. (a) Describe the laboratory preparation of chlorine, giving a 
carefully labelled diagram of the apparatus you would use. 
ib) State the more important properties of chlorine and give 

ONE industrial use of this gas. 

(Northern Univ. Gen. Sci., 1952, Paper II) 

15. Make a labelled drawing of the apparatus which could be used 
to prepare jars of chlorine in the laboratory. 
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State TWO differences in properties between chlorine and 
sulphur dioxide, and FOUR similarities. 

Explain TWO of the common uses of chlorine. 

(Welsh Joint Gen. Sci., 1953, Paper II) 

16. Describe how you would prepare an aqueous solution of 
hydrochloric acid in the laboratory. 

In what part of your body does this acid occur, and what pur¬ 
pose does it serve there ? 

How could you distinguish concentrated nitric acid from con¬ 
centrated hydrochloric acid (a) by its appearance, (b) by a simple 
chemical test ? 

(Welsh Joint Gen. Sci., 1952) 



CHAPTER 17 


METALS AND ALLOYS 
The history of metals and alloys 

Metals play a very large part in everyday life. This is due to 
their properties of malleability, tenacity and durability ; that 
is, they can be moulded or hammered into shape, they are not 
easily broken and they are hard to destroy. Only the most 
rare and inert metals occur native, i.e. uncombined. Usually 
the metal is combined with other elements and more or less 
complicated processes are necessary to win them from their 
ores. The rarer metals which occur native include platinum, 
gold, silver and copper. 

We have seen earlier in the book that some metals, e.g. 
copper, tin and lead, can easily be obtained from their com¬ 
pounds by heating with charcoal, which in turn can be pre¬ 
pared by roasting wood. 

Copper oxide + Charcoal = Carbon dioxide | + Copper 
2CuO C CO 2 Cu 

It is not really surprising that very early civilisations were able 
to make some metals over 5,000 years ago. We can only guess 
how the methods were discovered, but it was possibly due to an 
accidental mixing of some naturally occurring ore such as 
malachite (mostly copper carbonate, CuCOg) with the fire that 
copper was discovered. If a mixture of ores of copper and 
tin happened to be in the fire, the alloy bronze would result. 
Bronze is much stronger than pure copper, and was used much 
more by early man (Plate 3). 

Iron is more reactive than copper or lead ; the latter two are 
used for protecting roofs of churches, etc., but an iron roof 
soon rusts. Iron could only be obtained when the fire was 
made much hotter by a blast of air, and the blast furnace used 
today is only a much improved version of the primitive furnace 
used in Africa. The Iron Age therefore came much later in 
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the story of man than the Bronze Age. The great advantage 
of iron is that it is much more abundant. 


SOME DATES IN THE HISTORY OF METALS 


5000 B.c. 
3500 
2600 
2000 
1300 
1000 
500 
400 
A.D. 1807 
1808 
1827 
1886 
1913 
1926 
1938 


Gold, silver and copper in use. 

Copper and lead obtained by smelting. 
Iron known in Egypt. 

Beginning of Bronze Age in Britain. 

Iron tools becoming common in Egypt. 
Tin ore being exported from Britain. 
Beginning of Iron Age in Britain. 
Mercury known in Spain. 

Sodium isolated by Humphrey Davy. 
Magnesium prepared by Davy. 
Aluminium prepared in the laboratory. 
Aluminium prepared industrially by Hall. 
Stainless steel discovered in Sheffield. 
Chromium plating begun. 

Nuclear fission discovered. 


Experiment 119. To establish what is meant by the term metal. 

Collect articles or specimens of aluminium, magnesium, copper, 
cobalt, iron, lead, nickel and zinc, if possible in the form of foil, 
wire and thin rods. Test each of the specimens in the following 
manner and record your results in a compact table ; 

Try to cut the specimen with a strong steel knife. 

Put It into a dish of water and find out whether it sinks or floats. 
Smooth and polish with fine emery and a metal polish and find 
whether a high degree of polish can be obtained. 

Hold one end in your fingers and the distant end in a flame and 
time how long the heat takes to travel to your fingers. 

Make the metal part of an electrical circuit with a lamp in it, and 
test how well it conducts electricity. 

Roast some foil on an open iron dish and then scrape off any 
deposit that is formed and dissolve it in dilute sulphuric acid. 

From the results can you say that, on the whole, metals are 

hard, heavier than water, lustrous, sonorous, malleable, ductile, 

good conductors of heat and of electricity, and possess basic 
oxides ? 
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If your experiments have enabled you to agree to this list of 
properties, you should then examine some mercury and some 
sodium. It is extremely difficult to define exactly what is 
meant by the word metal; whatever property is taken into 
consideration there is some element which is exceptional, so 
we have to be democratic and abide by the majority decision. 

ACTIVITY SERIES OF METALS 

There is a fairly obvious gradation of activity of the metals, 
and this gradation fits quite closely to the electrode potentials 
of the metals. Your physics lessons will make the meaning 
of electrode potential clear. 

This list should be studied carefully, and used as a pointer 
when dealing with the metals. There are discrepancies and 
difficulties in the list; these may, later on, be explained away. 
In the meantime, this activity series is useful as a guide to the 
behaviour of metals. 

Any metal on the list will displace one lower down from its 
solution. For example, a rod of zinc placed in a solution of 
lead acetate will produce an admirable crop of lead crystals ; 
an iron knife is copper-plated almost at once by copper sul¬ 
phate solution, and a bronze coin is “ silvered ” by immersion 
in a solution of a mercury salt. 


Electrode ! 
potential Metal 

in volts I 


- 2-9 

- 2-7 

- 2-5 

- 1-7 

- 1*3 

- 0*8 

— 0*4 

- 01 
- 01 
+ 0*3 

-b 0-8 
+ 0-8 
+ 1*4 
-f 1-4 


Potassium 

Sodium 

Calcium 

Magnesium 

Aluminium 

Zinc 

Iron 

Tin 

Lead 

Copper 

Mercury 

Silver 

Gold 

Platinum 


Specific 

gravity 

Action 

on 

1 acids 

1 

Action 

on 

water 

1 

Behaviour 

of 

oxides 

! Action 
' of 

1 heat 

1 

1 

1 

0-85 

0-97 

1*5 

} 

Acids 

yield 

■ hydrogen 

Decompose 
cold water 

Very 

stable 

Bum 

1- 7 

2- 7 

1 

1 

Decompose 

1 

readily 
to form : 
oxides ! 

71 

steam 


7*9 

1 


Oxide 
reduced by 
carbon 


7-3 

1 

1 


1 

114 

8-9 1 

j 

Only 

affected by 

oxidising 

acids 

Attack 
negligible ! 

No 1 

action 

1 

1 

Oxidise ; 

when 

heated 

No 1 

action j 

136 i 
10-5 
19*3 
21*5 

Oxide 

decomposed 
by heat 

t 

• 
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At one end of the table are the metals which can be produced 

only by electrolysis, such as potassium, sodium, calcium, 

magnesium and aluminium. At the other end are the metals 

such as silver, gold and platinum which are found uncombined 
in nature. 

Note how the density of the metals steadily increases. 
IRON 

Although some people speak of the present time as the 
Aluminium Age, or the Plastic Age, you will find a great deal 
more iron as you look about you than any other metal. In 
fact, ten times as much iron is produced annually as all other 
metals together. Its cost is much lower because 

(a) its ores are abundant, and the materials required in smelt¬ 
ing are also easy to obtain, 

{b) its ores contain a high percentage of iron, 

(c) the ores are comparatively easy to smelt, 

{d) the method of smelting can be used on a very large scale. 

Experiment 120. To investigate the frequency of employment of 
iron in common articles. 

Go round the room with a small magnet, if possible one of the new 
very powerful magnetic alloy magnets, and make a list of every 
object which is attracted by the magnet. Don’t forget the contents 
of your pockets, but if the magnet is a strong one, keep it well away 
from your watch ! Try also the contents of the bottles in the store 
room. ALWAYS HAVE A SHEET OF GLASS OR PAPER 
BETWEEN THE OBJECT YOU ARE TESTING AND THE 
MAGNET, IF THE OBJECT IS IN SMALL GRAINS. 

The ores from which iron is extracted are mostly carbonates 
and oxides. Today in this country the main source of iron is 
in Northamptonshire, where open-cast iron mining is ruining 
the country-side. It used to be produced in Sussex, where 
names like Furnace Wood, Hammer Pond, etc., testify to this 
fact. The ore in Northants is a very impure clay ironstone, 
with only 25 per cent of iron as the carbonate. As Magnetite 
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(Fe 304 ) it forms the Magnet mountain near Magnitogorsk, in 
the Urals, and a Swedish mountain range has over 1,000million 
tons. 



Fig. 98.—Blast furnace 

{Modified from Coles^ Chemistry Diagrams, by permission of Messrs. John Murray Ltd.) 

IRON SMELTING 

The most important form of iron is produced in a blast furnace, 
which can give up to 1,000 tons in 24 hours. The iron thus 
formed is known as pig iron and it is far from pure, but it 
forms the starting point for all the various forms of steel. 

To obtain this 1,000 tons of iron, we need 

2,000 tons or more of the iron ore, according 

to purity, 

800 tons of coke, and 
500 tons of limestone. 

These raw materials are mixed and added through the top of 
the furnace through a hopper. Hot dry air is blown in at 
a high pressure through nozzles near the base of the furnace ; 
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these nozzles are called tuyeres, a French word meaning the 
nozzle of a bellows. 

At the bottom of the furnace the coke burns in this fierce 
blast to form carbon dioxide, and as this ascends the furnace 
and meets red-hot coke it is reduced to carbon monoxide, 
which in its turn reduces the iron oxide to iron. The highest 
temperature is produced at the bottom of the furnace, where 
the iron melts, and it is about 1800° C. The limestone acts 
as a flux and keeps the contents of the furnace fluid, and also 
combines with siliceous impurities to produce slae, which 
floats on the surface of the molten iron. 

The main reactions in the furnace are thus 


Coke -j- Hot air = 

C O 2 

Carbon dioxide + Carbon (coke) = 

CO 2 C 

Iron ore + Carbon monoxide = 
FeaOg 3CO 

Limestone = 
CaCOg 


Carbon dioxide 

CO 2 

Carbon monoxide 

2CO 

Iron Carbon dioxide 
2Fe 3 CO 2 

Calcium -r Carbon 
oxide dioxide 


Lime 

(basic oxide) 
CaO 


CaO CO 2 

Silica = Calcium silicate 
(acid oxide) (salt) 

SiOa CaSiOg 


The hot waste gases are taken off at the top of the furnace 

and used to heat the air for the tuyeres in towers called Cowper 

stoves, and the flue dust is collected and used for other purposes. 

At one time the iron was tapped at intervals and allowed 

to run into a bed of sand to form “pigs”, which are still 

produced for various purposes, including ballasting ships. 

Usually, however, the modern practice is to use the molten 
iron for conversion into steel. 


Cast iron 

The iron m the “ pigs ” is hard and heavy, but very brittle. It 
contains about 4 per cent of carbon and 2 per cent of carbide 
silicide, phosphide and sulphide of iron. Its melting point is 
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only 1200° C. and this makes it suitable for casting, especially 
since it expands on solidifying and fills the mould completely. 
It is used for lamp-posts, stoves, radiators, water-pipes and 
many other articles which must be cheap yet strong. 

Steel 

When the proportion of carbon in iron is reduced to between 
0*15 and 1-5 per cent, the metal becomes much more tenacious. 
One way of making steel from iron is by means of the Bessemer 
converter, in which air is blown through the molten iron. If 
you can ever watch a converter at work, it is a chance you 
must not miss ; you will never forget the awesome sight. 
The hardness of steel can be altered by varying the amount of 
carbon, by heat treatment or tempering of the metal, and by 
mixing with it other metals, notably nickel, cobalt, manganese, 
molybdenum, etc. Steel is used for a great number of pur¬ 
poses, from wire ropes to bridges and from motor-car bodies 
and railway lines to the plating of battleships and tanks. 
We are told that stainless steel was discovered by accident by 
a man working in Sheffield on this problem of alloying other 
metals with steel to modify its properties ; a piece of an experi¬ 
mental metal was thrown into the yard for scrap and after 
several days of Sheffield weather was as bright as when it was 
thrown out. Stainless steel is very expensive, but of course it 
is very pleasant to use gardening tools which always remain 
bright. One form of stainless steel contains 18 per cent 
chromium, 8 per cent nickel, 1 per cent wolfram and 1 per cent 
titanium. 

Experiment 121. To temper steel for various purposes. 

The tempering of steel is done by heating and cooling and can be 
investigated conveniently with steel knitting-pins (sometimes called 

knitting needles). 

First try bending a pin to and fro to show that it is tough and 
bendable. 

Next, using either the same pin or a similar one, hold it until red-hot 
in a flame, using tongs to hold it unless you are very tough, and 
then “ quench ” it by thrusting the red-hot metal into cold water. 
Now try whether it is still tough and springy. Use pliers to bend 
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it and see how far you can bend the pin before it snaps, for it has 
become brittle. 

Next, heat the pin to redness and then let it cool slowly in or above the 
flame; this treatment makes the steel very tough; it has been annealed. 
Finally, heat as before, quench in cold water, clean the surface with 
emery, then heat until a blue “ bloom ” appears on the surface, 
then cool slowly. This pin will be tough and springy. 

The tempering of tools is most important, and is very care¬ 
fully controlled. The temper of a razor would not be suitable 
for a saw blade, and neither would do for a file. 

TEST FOR IRON 


For this purpose use ferrous sulphate tablets, or a chemist’s 



Fig. 99. Metals and alloys in the kitchen 
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“ tonic ”, or blue-black ink, or the acid from the lower chamber 
of a Kipp for making H 2 S, or any yellow or brown substance. 
Add a drop of hydrogen peroxide to change (oxidise) any 
ferrous iron to ferric iron and then add a drop of potassium 
thiocyanate solution. If iron is present a colour exactly like 
that of blood is produced. 

The “ new ” metals, aluminium and magnesium, are so reactive 
that the oxides cannot be reduced by carbon, but have to be 
decomposed by electricity. They could not, therefore, be pro¬ 
duced until after Volta’s discovery of the electric cell in 1799 
and they are still much more expensive than iron. Their 
names, unlike those of their commoner rivals, are inter¬ 
national ; the name for iron, for instance, is “ Fer ” in France, 
“ Eisen ” in Germany, and so on. But by the time that pupils 
reading this book have children of school age, it is likely that 
abundant metals like aluminium and magnesium will have 
replaced copper, zinc, lead and tin, whose ores are rather 
uncommon and are being rapidly used up. 

Aluminium (see Plate 15) 

Experiment 122. To test whether an object contains metallic 
aluminium. 

This test depends on the fact that aluminium is the only metal 
which reacts quickly with alkalis, causing hydrogen to be 
produced. Zinc reacts slowly and tin very slowly indeed in this 
manner. 

Rinse a beaker or a jam-jar with hot water so as to warm it. Add 
a dessert-spoonful of washing-soda crystals and then pour on 
boiling water, stirring with a glass rod so as to dissolve them 

quickly. 

Next drop into the jar a metal milk-bottle cap, or the metal screw 
cap of a lemonade bottle, or some “ silver paper ” from chocolate 

wrapping. 

Test the bubble of gas evolved with a lighted taper. Does the gas 

burn or does it explode ? Is the gas hydrogen ? 

Dip a tarnished silver egg-spoon in the liquid. Is it soon cleaned ? 
Is this experiment a feasible way for housewives to clean their 
silver ? The hydrogen has reduced the stain of silver sulphide to 

silver, thus 

AgzS -f- H 2 = 2 Ag + H 2 S t 
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Occurrence 

Aluminium is a constituent of all clays, which occur in all parts 

of the earth. Refer to the back end-paper of the book to see 

how much there is in the crust of the earth. We have not yet 

learned how to extract the metal from clay, but have to use 

bauxite, which we think was derived from clay in ages long 

past. The method of preparing aluminium was described in 
Chapter 15 (p. 224). 

Properties and uses 

1. Since its Specific Gravity is only 2-7 it is most useful for 
machinery, especially aircraft. Pure aluminium is too soft, 
but when alloyed with other metals it is both light and very 
strong. Most small car pistons are now made from light 
metal alloys. It is being increasingly used in ship-building. 

2. It makes an excellent lustrous silver paint which reflects 
light and heat excellently. It is therefore very useful for 
covering milk-tank wagons and petrol stores. 

3. In the British Electrical Grid the conductors are of 

aluminium with steel cores for strength, since aluminium 

is a very good conductor of electricity. During the Nazi 

war, all German Wehrmacht telephone cables were made of 
this metal. 

4. In the form of foil, it is familiar on milk bottles and choco¬ 
late and ice creams, etc. 

5. It makes excellent pots, pans and kettles, since it is a good 

conductor of heat. But, remembering Expt. 121, you will 

not use soda for washing such utensils ! Of course, it is the 
hard alloys that are used. 

COPPER 

Experiment 123. To recognise copper by chemical and physical 
tests. 

(a) Using a very small quantity of the metal, or one of its alloys, or 
one of its compounds, add a few drops of concentrated nitric 
acid to the material under test in a small porcelain dish. If 
metallic copper is present, a blue solution of copper nitrate is 



254 


CHEMISTRY FOR GENERAL SCIENCE 


formed and brown fumes of nitrogen dioxide are evolved. 
Test various coins, some fuse-wire, a pin, a needle, a cartridge 
case and a cheap “ gold ” pin or ring. 

{b) To test an article of jewellery to find whether it is gold or gold- 
plated, 

either scratch lightly and add one drop of cone, nitric acid on 

a glass rod ; if the basic metal is copper, there will be the 
usual colour and smell, 

or if the object must not be scratched, put it into a small dish 

of mercury ; copper floats and gold sinks. 

Occurrence 

A great deal of copper occurs native near Lake Superior in 
Canada, but the greater part of the copper used occurs as 
copper pyrites and is obtained by smelting. Canada, Rhodesia 
and the U.S.A. provide the greater part of the world supply. 
The method of obtaining pure copper electrolytically has been 
given already in Chapter 15. 

Properties and uses 

Copper and its alloys resist the action of water and air, forming 
a “ patina ” of verdigris, a green-grey layer of basic copper 
carbonate, or basic copper chloride, or basic copper sulphate, 
according to the impurities in the air. This means that the 
verdigris is a mixture of copper hydroxide and copper carbon¬ 
ate, chloride or sulphate, with the formula Cu(OH) 2 ‘CuCl 2 , 
etc. This layer of verdigris protects the copper underneath 
from further action, and therefore copper is used for covering 
domes such as St. Paul’s, and for all purposes at sea for which 
iron would normally be used on land. Iron cannot be used 
much at sea, for the sea-water forms iron chloride and the iron 
corrodes rapidly. Ships of wood are copper-bottomed, i.e. 
sheathed in copper, if their owners can afford it. All nails 

used in wooden ships are made of copper. 

On account of its high electrical conductivity, only excelled by 
that of silver, copper and its alloys are widely used for all 

electrical apparatus. 

Its excellent heat conductivity makes it ideal for pans, kettles, 
water-tube boilers, etc. 
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Important compounds 

Copper sulphate, or blue vitriol (CUSO 45 H 2 O) is used for 

many purposes, among them for replacing the copper in the 

diet of copper-deficient animals and plants. Copper is known 

as a “ trace element ”, i.e. there must be traces of it in every 
diet. 

Bordeaux mixture is used in this country for spraying potato 
and tomato crops to PREVENT the spread of fungal diseases 
or blights. It was originally used by the grape-vine growers of 
the Bordeaux area of France and it is now used for banana 
palms in the tropics (Plate 17). 

It is made by dissolving 12 lbs. of copper sulphate in the powder 

form in a wooden or earthenware vessel and adding to it lime- 

water made by mixing 8 lbs. of freshly slaked lime with cold 

water. The lime-water must not be added until it is cold, and 

enough lime must be added to turn all the copper sulphate 

into basic copper sulphate, since copper sulphate solution 

scorches leaves. These weights make 100 gallons of Bordeaux 
mixture. 

LEAD 

Experiment 124. To make lead castings, and to identify lead 
compounds. 

(a) The lid of a cocoa tin makes a good crucible for this experiment. 
Put into the crucible some scrap lead piping, or some foil from inside 
a tea-chest, and heat it on a triangle and tripod. Learn how to 
manipulate the tin lid with a pair of tongs. 

Mix some Plaster of Paris (CaS04,H20) with water and pour it into 

a suitable vessel. ^Vhen it is nearly set, press into it the article you 

wish to copy, c.g. a toy soldier or a carving or a piece of jewellery. 

Next pour the molten lead into the mould and leave it until it has 

solidified. When the casting is removed, is it perfect ? Can you 
see why not ? ^ 

If the surface of the molten lead is not clean and silvery in appear¬ 
ance, add to it a little powdered charcoal. Why ? 

in warm nitric acid, forming soluble 
lead nitrate. ° 

PbC03 + 2HNO3 = Pb(N03)2 + H2O 4- CO2 
PbO + 2HNO3 = Pb(N03)2 + H2O 
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Pass into this solution a little hydrogen sulphide from a Kipp 
generator via a straight glass tube, and note the formation of black 
lead sulphide. 

Pb(N 03)2 + HaS = PbS + 2 HNO 3 

Occurrence 

Lead ores consist mostly of the attractive crystalline galena, 
lead sulphide. They are widely spread throughout the earth’s 
crust and often contain silver as well as lead. These ores are 
being rapidly exhausted and the price of lead is now so high 
that a new form of nocturnal rascality has become quite 
common, the stripping of lead from church roofs. Lead was 
mined in this land by, or for, the Romans 2,000 years ago, 
notably in the Mendip Hills. Some of the spoil heaps and adits 
are still obvious at Charterhouse and Priddy in the Mendips, 
but mining ceased over 100 years ago. Lead pipes made in 
this area are to be seen at the Roman baths in Bath. 


Properties and uses 

1. Its malleability, its resistance to corrosion and its very slight 
solubility in most liquids, make it valuable for roofing, for 
plumbing (Latin for lead— plumbum) and sheathing electrical 
conductors. Soft water slowly dissolves lead, and since lead 
is poisonous and is never eliminated by the human body, 
peaty water must be artificially hardened before it is sup¬ 
plied by waterworks in order to prevent widespread lead 


poisoning. 

2. Its Sp. Gr. is 11*3 and this makes it useful for plumb-line 

bobs, weights, bullets, shot, etc. 

3. It is used a great deal for the plates of lead accumulators and 
for lining the walls of the chambers in the lead chamber 
process for sulphuric acid. 

4. It forms alloys readily with tin and antimony, and the alloys 
are harder and melt at lower temperatures. Solder, fuse- 


type 


lead alloys. 

5. The oxides of lead are widely used for the pigments of pro¬ 
tective paints, e.g. red lead paint, and about one-fifth of the 
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lead used is for making its carbonate and its oxides for such 
purposes as this. 

MAGNESIUM 

Experiment 125. To make a magnesium flash-light. 

Grind about 1 gm. of potassium nitrate to a fine powder and mix it 
on a sheet of clean paper with about 5 times its volume of magnesium 
powder. 

Transfer the mixture to an iron dish on a tripod, well away from any 
other combustible material and any fragile apparatus hanging from 
the ceiling, and apply a light with a long taper. It may be a little 
time before the mixture ignites. If you find this to be true, try 
whether gentle warming of the mixture helps. Do NOT look 
directly at the flame which will be caused. 

What colour is the flame ? There is no danger in this experiment, 
if you do it according to the description, but it is capable of startling 
people, so be careful to warn others in the vicinity. 

Occurrence 

In the Stassfurt salt deposits of Germany, there are quantities of 
magnesium chloride, as well as the sodium and potassium salts. 
Much of the pioneer work on magnesium was therefore carried 
out by Germans. In 1939 magnesium was prepared in this 
country from sea-water. It has been estimated that a cubic 
mile of sea-water contains 6 million tons of magnesium. 

Properties and uses 

1. We can regard magnesium as the metal of the future, for its 
alloys are the strongest known, weight for weight. There 
is a series of magnesium alloys known as Elektron which 
have a strength/density ratio of HT, whereas the ratio for 
Duralumin is 9-3 and for mild steel it is only 3-6 ! The 
Sp. Gr. of magnesium is only T7 and all its alloys are 
extremely light, and are sometimes called the ultra-light 
alloys. They are easily machined and welded and have a 
very low melting point. They are being used increasingly 
for aircraft construction (see also Plate 15). 

2. The metal burns with a brilliant white light, strong in ultra¬ 
violet rays, and therefore valuable for photography. The 
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metal, however, will not burn until it reaches a certain 
minimum temperature and it is possible to melt it and pour 
it into moulds with no danger of fire. 

Incendiary bombs have an outer coat of magnesium alloy 

and a core of thermite to ignite them, which provides a very 

high temperature. The best way to extinguish them is to 

smother in sand, for once the magnesium begins to burn, 

the addition of water merely provides a further supply of 

oxygen and increases the violence of the flame, and therefore 
its danger. 

3. Magnesium occurs in many natural pigments, the best 
known being the green plant pigment chlorophyll. Today 
chlorophyll, or its compounds, is in common use as a 
mouth-wash. 

MERCURY 

Mercury is a rare metal and therefore costly. Its retail price in 
1953 was 36s. 6d. per lb., which means that 1 ml. cost I 5 . \\d. 

Occurrence 

It is found chiefly in the form of cinnabar, the sulphide of 
mercury, and this has been mined in Spain since 415 b.c. The 
metal is extracted by the simple process of roasting, when the 
mercury is set free as vapour, and condensed. 

HgS -f O 2 = SO 2 -f Hgt 

Any mercuric oxide formed during the roasting is decomposed 
by heat. 

Properties and uses 

1. It is liquid at ordinary temperatures, as its M.P. is — 39° C. 
Since it also has a very small Specific Heat of 0 03, it is used 
for thermometers, except for those required for outdoor use 
and at very low temperatures, when alcohol is used. It is 
used also in barometers and hydrometers and numerous 
other scientific instruments. 

2. It boils at 360° C. and is easily vaporised at low pressures for 
use in incandescent vapour lamps. The mercury vapour 
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conducts the electrical discharge, emitting a characteristic 
green glow. Such a lamp emits 2^ times as much light as 
a filament lamp for the electrical energy supplied. 

3. It conducts electricity quite well, and is widely used in 
mercury arc rectifiers for converting A.C. supplied by the 
Grid to D.C., especially in cinema projection rooms. 

TIN 

Occurrence 

A famous picture shows the bartering of tin for textiles in 
Cornwall, long before the Romans. The Cornish tin is not 
now of importance, most of the world supply coming from 
Malaya and Nigeria in the form of tinstone, SnOg. 

Properties and uses 

1. Its brilliance, lustre and resistance to oxidation makes it 
extremely useful for the manufacture of vessels for domestic 
use, and containers for biscuits, paint, preserved food, etc. 
These vessels are made of tinned sheet steel, in this country 
called “ tins ” and in America “ cans ”. The steel sheet is 
first “ pickled ” in acid to remove all oxides, etc., and then 
dipped in a bath of molten tin. The final sheet has about 
1 per cent by weight of tin in it. 

2. It is very malleable and ductile and has been used for 
wrapping-foil in the past, but its present high price, approxi¬ 
mately twice that of aluminium and ten times that of iron, 
has brought about the substitution of many other types of 
cheaper foil. It is sometimes used for fuse-wire, though the 
usual type of fuse-wire is of copper, with a thin plating of tin. 

3. The principal use of tin is in the manufacture of alloys. It 
forms part of bronze, solder, pewter, type metal and bell 
metal, to mention only a few (see Plate 3). 

ZINC 

Occurrence 

The principal ore is zinc blende (ZnS) which occurs in associa¬ 
tion with the sulphides of lead and silver. It is found in many 
parts of Europe, in New South Wales, U.S.A., Mexico and in 
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this country in Derbyshire and Cumberland. One-third of the 
world supply is produced in the U.S.A., followed by Belgium, 
Germany and Canada. 

Its alloy with copper, brass, was in use before the Christian era, 
but the metal zinc was not re-discovered and isolated until 
about A.D. 1500. 

It was smelted commercially in Bristol by William Champion 
in 1740. 

Properties and uses 

1. Exposed to moist air it tarnishes shghtly, forming a pro¬ 
tective layer of zinc oxide or zinc carbonate. It is used for 
coating iron with a protective layer, and iron treated in this 
way is said to be galvanised. This is done by dipping the 
metal into baths of molten zinc (Plate 16). Zinc is also 
deposited on iron by making the iron the cathode of an 
electrolytic cell with zinc sulphate as the electrolyte, or by 
blowing fine zinc dust on to the surface of the metal; the 
last process is called sherardising. 

2. Large quantities of zinc are used for making dry cells for 
use in torches, radio sets, etc. In the Leclanche type of 
cell, the negative pole is made of zinc, and takes the form 
of a cylindrical vessel surrounding the cell and forming its 
external coat. 

3. In the laboratory it is commonly used in a granulated form 
for the preparation of hydrogen. 

ALLOYS 

The subject of metallurgy is a life-time study in itself. All that 
one can hope to do in a book of this type is to give a smattering 
of knowledge of the metals which is useful, and might perhaps 
persuade the reader to delve further into the subject. 

The word “ alloy ” has been used frequently in this chapter, 
without attempting to define it. Indeed, the task of defining 
the word is not easy. We have one simple fact about the 
metals—every metal is an element. But whether an alloy is 
a mixture or a compound is difiicult to say. They have been 
known since very early times, and in 1939 over 5.000 were in 
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common commercial use, and the number is steadily increasing. 
A general definition of an alloy is this : it is a mixture of two 
or more metals, or metals and non-metals, which are miscible 
when molten and do not separate on cooling. The proportions 
of the components can vary widely, and the melting points. 
Specific Gravity, hardness, plasticity, etc., of the alloy are often 
markedly different from those of the component elements. 
Alloys are usually harder and stronger than the metals they 
contain, and not such good conductors of electricity and heat. 
Alloys which contain non-metals are steel (carbon) and 
phosphor-bronze. 

Today alloys are often made by pressure of the powdered 
component metals with an appropriate bonding material. 

Experiment 126. To make a specimen of Wood’s metal and deter¬ 
mine its M.P. 

Wood’s metal is an alloy of lead, cadmium, bismuth and tin. The 
melting points of these metals are respectively 327, 321, 271 and 
232° C. 

Melt 10 gms. of lead in a 25-ml. crucible over a bunsen burner, 
then add 20 gms. of bismuth and 5 gms each of cadmium and tin. 
When all the contents of the crucible are molten, pour into a long 
narrow porcelain boat, or any other form of long mould, and allow 
to cool. 

Boil a beaker of water and stir the water with the long rod of the 
alloy you have made. What happens ? Re-melt the whole alloy 
and again allow to solidify. Warm up a beaker of water slowly and 
stir continuously with a mercury thermometer. Determine as 
nearly as you can the M.P. of the alloy. 

Experiment 127. To make tin amalgam and use it for filling a hole. 

Mercury is a constituent of many alloys, which are called amalgams 
because the mercury is said to amalgamate with the other metal. 
Put half a millilitre of clean mercury into a small clean mortar and 
add about an equal bulk of powdered tin. Rub the two together 
thoroughly with the pestle. While the mixture is still plastic use it 
to fill a small hole in a piece of wood and clean the surface with 
a knife so that it is flush with the rest of the wood. The amalgam 
must be driven well home with a thin rod and the interior of the hole 
should have a rough surface so as to give a bond to the amalgam, or 
when it is hard it will fall out again. 
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QUESTIONS ON CHAPTER 17 

1. Examine the diagram of the blast furnace and suggest reasons 
for 

(a) the gradual increase in girth to a point just above the bustle 
pipe, 

(b) the advantage gained by having an automatic opening at the 
top, 

(c) using cone-shaped valves at the opening, 

(d) having a peep-hole through a tuyere, 

(c) the sudden short-lived brilliant flares that light the night sky 
where there are blast furnaces in the district. 

2. What are the conditions that bring about the rusting of iron ? 
Enumerate the principal methods used for preventing the rust¬ 
ing of iron, and suggest which you would apply to (a) a bucket 
and (b) the framework of a metal greenhouse. 

3. Explain why Bordeaux mixture must not be made in metal 
vessels. 

4. Compile a list of properties of iron similar to the lists for 
aluminium-zinc, under the heading “ Things to remember 

5. Make a list of eight metals, other than the four given below in 
this question which you have seen, and discuss the properties 
which they all have in common. (Alloys may be included, but 
if you include any in your list, you should state which they are.) 
How would you quickly distinguish between aluminium, silver, 
iron and platinum ? 

6 . What are the chief ores of iron, and how is cast iron obtained 
from any one of them ? 

7. Name three alloys. State one use of each and one reason why 
the alloy is particularly suitable for this purpose. 

8 . Give the name of one alloy which contains each of the following 
pairs of metals, stating also one use of each alloy, and one 
property which makes each alloy specially suitable for the use 
quoted : 

(a) copper and zinc, (b) lead and tin, (c) aluminium and 
magnesium, (d) copper and tin. 

(Northern Univ. Gen. Sci.) 
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9. Give three physical properties and one chemical property of iron 
and zinc which cause them to be classified as metals. 
Describe an experiment to determine the reaction between iron 
and steam. 

Explain the result of the experiment. 

(London Gen. Sci., 1952) 

10. Given a powder, known to be an element, what two experiments 
would you carry out to decide if it were a metal or a non-metal ? 
In both cases give the reasoning on which your experiments 
depend. 

11. What reasons can you think of for regarding alloys as mixtures ? 

12. Write down one chemical and three physical properties of 
metals. 

Mention two uses of steel and brass in everyday life, drawing 
attention to the reasons for the choice of these in the examples 
you mention. 

(London Gen. Sci., 1947) 

13. If you were given a specimen of an element in the form of a 
powder, what TWO experiments would you perform on it to 
find out whether it were a metal or a non-metal ? Describe the 
experiments. Explain your reasons for choosing them, and state 
the results you would expect, if the specimen were (1) a metal, 
(2) a non-metal. 

(Cambridge Gen. Sci., 1951) 

14. How is cast iron extracted from an iron ore, such as haematite ? 
Give a brief account of the chemical actions involved in this 

extraction. 

How would you show that both air and water are necessary for 
iron to rust ? 

(Cambridge Gen. Sci., 1950) 

15. What do you understand by the term “alloy”? Give the 

names of two common alloys (apart from brass), the names of 

the elements found in each and the reasons why they are u^d 

instead of one or other of the constituent elements. Describe 

fully how you would prepare a specimen of pure copper from 

powdered brass which contains zinc and copper. 

(London Gen. Sci., 1953) 

16. Give an account of metals under the following headings: 

(i) the properties and uses of THREE named metals, 
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(ii) the physical properties of metals which distinguish them 
from non-metals, 

(iii) the chemical properties of metals which distinguish them 
from non-metals. 

In (ii) and (iii) you should mention any notable exceptions. 

(Northern Univ. Gen. Sci., 1951, Paper II) 

17. Give the common name and chemical name of TWO iron ores, 
and describe carefully how iron is extracted. 

How do pig iron and steel differ (a) in composition, (b) in 
properties ? 

What parts of the human body contain a considerable quantity 
of iron, and from what natural source may this iron have been 
obtained ? 

(Welsh Joint Gen. Sci., 1953, Paper II) 

18. State FIVE ways in which metals differ from non-metals. 
Name TWO examples of each of these classes of elements and 
show to what extent they have the properties of the class. 
Give a brief account of the extraction of any ONE metal from 
its ore. 


(Welsh Joint Gen. Sci., 1951) 



CHAPTER 18 


A RfiSUME OF CHEMICAL THEORY 

AND ITS BASES 

Now that we have come to the end of this book, there are two 
courses open to its readers. They may decide they have had 
enough of chemistry and prefer to study French, or history, or 
football. It takes all kinds of people to make a world, and 
perhaps it is just as well we don’t all want to be chemists. 
The rest of the book need not concern them at all. But those 
who do intend to adopt any kind of scientific career need to 
master the facts which have been arranged in this chapter as 
simply and briefly as possible. 

Real progress in Chemistry has only been possible since its 
study became quantitative. When chemists began to weigh 
the materials they were using, and the products of their re¬ 
actions, they were able to see that the behaviour of matter was 
not fortuitous, but was governed by laws. These laws, of 
course, were only established after a great many experiments 
had been carried out by numbers of exact workers. One sees 
still a great many students whose aim in an experiment is 
“ To prove . . . some law or other ”, when in fact what they 
are doing is only showing that the results they obtain are in 
accordance with the principles established by the painstaking 
work of our predecessors, now long dead. 

The first idea that emerged clearly is known as the Law of 
conservation of mass. 

This states that when a chemical change occurs, the total mass 

of the reacting substances before the action is the same as the 

total mass of the resulting substances after the reaction. 

Put in another way, matter can neither be created, nor destroyed. 

When a candle burns, it appears to waste away. When 

magnesium burns, the ash produced is heavier than the 

magnesium from which it was derived. These very obvious 

facts, however, do not take into account other less obvious 
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facts that are easily demonstrated, viz. that oxygen from the air 
is consumed during burning and that, in the case of the candle, 
the products of combustion are gases which escape into the air. 
The numerous experiments described in text-books for con¬ 
firming the principle are designed to measure the total weights 
by confining the reactions in one vessel. 

Next we have the Law of constant composition. 

Every chemical compound has an invariable, or constant, 

composition, or. 

When two or more elements combine they do so in a fixed 
proportion by weight. 

For instance. 

In 58-5 gms. of sodium chloride, there are always 23 gms. 

sodium and 35-5 gms. of chlorine, 
or 100 gms. of sodium chloride always contain 39-3 per cent of 
sodium and 60-7 per cent of chlorine. 

The Law of multiple proportions states that 
When two elements combine to form more than one com¬ 
pound, the weights of the one which combine with the same 
weight of the other bear a simple numerical relation to one 

another. 

e.g. Hydrogen and oxygen form two compounds, water and 
hydrogen peroxide, 

2 gms. of hydrogen and 16 gms. of oxygen combine to form 
18 gms. of water, and 

2 gms. of hydrogen and 32 gms. of oxygen combine to form 
34 gms. of peroxide. 

The weights of oxygen which combine with 2 gms. of hydrogen 
are in the ratio 2:1. 

Again, iron and chlorine form two compounds, ferrous 
chloride and ferric chloride. 

In the first, 56 gms. of iron and 71 gms. of chlorine form 
127 gms. of ferrous chloride, 

in the second case, 56 gms. of iron combine with 106-5 gms. of 
chlorine to form 162-5 gms. of ferric chloride. 

These weights of chlorine are in the simple ratio 2 : 3. 
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These laws, based on facts obtained by experiment, were 
known to John Dalton, and upon them he based his Atomic 
Theory. He was a Cumberland schoolmaster, who settled 
later in Manchester. His theory may be expressed as follows : 
All substances are composed of materials which cannot be 
created or destroyed. They are built up of elements, and these 
elements can be used to build up new substances called com¬ 
pounds, just as buildings can be erected by using bricks. 
These elements are composed of atoms which are of constant 
weight; that is why the laws of constant composition and of 
multiple proportion are true. Since every element has a list 
of properties which are characteristic of itself the atoms of an 
element must all be exactly similar in every respect. These 
atoms are the ultimate, indivisible particles of matter, far too 
small to be seen, but from their behaviour we know quite a lot 
about them. 

Dalton gave the atoms pictorial symbols, some of which are 
shown here. 

Hydrogen Oxygen Carbon Sulphur Nitrogen Soda Copper Lead 

©o#©®®©© 

and compounds were represented by symbols like 

Water Ammonia Carbon dioxide 

c© ©® o#o 

So far as Dalton’s knowledge reached, his theory published in 
1808 was sound. 

A great deal of quantitative work in chemistry was being 
done at the time of Dalton, and the results which sprang from 
it have given rise to the axiom “ Science is measurement ”. 
This is near enough to the truth to lead us to agree that when¬ 
ever an experiment can be made quantitative, it should be done 
that way rather than qualitatively. Quantitative experiments, 
however, take up a great deal of time and don’t always give 
results commensurate with the time expended. Today, 
statistical methods are increasingly used to interpret results, 
and, especially in matters biological, they are often the only 
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reliable guides. Here are some of the great names of that 
time, with their dates : 


Black 

Scot 

1728-1799 

Priestley 

English 

1733-1804 

Lavoisier 

French 

1743-1794 

Dalton 

English 

1766-1844 

Avogadro 

Italian 

1776-1856 

Gay Lussac 

French 

1778-1850 

Cannizzaro 

Italian 

1826-1910 


Among these quantitative results were many on the com¬ 
bination of gases. It was not long since Priestley and 
Lavoisier had discovered oxygen (1774) and this had stimulated 
the study of gases. Among other results were these : 

2 volumes of hydrogen and 1 volume of oxygen combine to 
form 2 volumes of steam, 

1 volume of nitrogen and 3 volumes of hydrogen form 
2 volumes of ammonia, 

1 volume of hydrogen and 1 volume of chlorine form 
2 volumes of hydrogen chloride. 

The French chemist Gay Lussac now formulated the law which 
bears his name. Gay Lussac’s Law of gas volumes : “ When 
gases react, the volumes of the reacting and of the resulting 
gases are in a 

Now, if atoms are indivisible, is there any connection 
between the volumes of gases and the number of atoms they 
contain ? And, if there is such a connection, how can we 
explain the apparent anomaly that 2 volumes of hydrogen and 
1 volume of oxygen form 2 volumes of steam ? 

In 1811 the Italian, Avogadro, suggested a hypothesis that equal 
volumes of gases contain equal numbers of molecules. Let 
us suppose that 1 litre of a gas contains n molecules. 

Then, since 1 volume of hydrogen and 1 volume of chlorine 

give 2 volumes of hydrogen chloride 
n molecules of hydrogen and n molecules of chlor¬ 
ine give 2n molecules of hydrogen chloride. 


simple numerical ratio. 
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and, since 2 volumes of hydrogen and 1 volume of oxygen 

give 2 volumes of steam 
2n molecules of hydrogen and n molecules of 

oxygen give In molecules of steam. 


It is obvious that a molecule cannot be the same as an 
atom, because n atoms of chlorine could not give 2n “ atoms ” 
of hydrogen chloride. But the world was not ready for the 
idea that a “ molecule ” of chlorine contained 2 atoms ; it 
was not until 1858 that another Italian, Cannizzaro, persuaded 
everyone that “ Equal volumes of all gases contain equal 
numbers of molecules ”—or, as the schoolboy puts it: 
“ Equal vols, Equal mols ”. 

Let us test the hypothesis. 

Suppose hydrogen and oxygen both have two-atom (bi- 
atomic) molecules. 


or 


2 volumes of 
hydrogen 

2n molecules of 
hydrogen 


1 volume of 
oxygen 

n molecules of 
oxygen 


Putting this pictorially, we have 


0—0 • 
0—0 


2 volumes of 
steam (water) 

2n molecules of 
steam 


O—•—O 

o—•—o 


When you have grasped this explanation, try whether this 
idea fits the facts ab^out ammonia, hydrogen chloride, and so 
on. You see now why we always write HgjOgjCla and Ng for 
these gases, when we are writing chemical equations ? 
These gases are always found to exist in double molecules, not 
in single atoms. 
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THE LAW OF EQUIVALENTS 

The gram-equivalent of an element always combines with, or 
replaces, the same weight of other elements, and is defined 
as that weight which combines with, or replaces, 1 gm. of 
hydrogen or 8 gms. of oxygen. 


EXAMPLES 

In water, 2 gms. of hydrogen combine with 16 gms. of 
oxygen. 

The gram-equivalent of hydrogen is therefore 1 gm., and 
of oxygen 8 gms. 

In magnesium oxide, 24 gms. of magnesium combine with 
16 gms. of oxygen. 

The gram-equivalent of magnesium is therefore 12 gms. 
In sulphur dioxide, 32 gms. of sulphur combine with 32 gms. 
of oxygen. 

The gram-equivalent of sulphur is therefore 8 gms. 

In hydrogen sulphide, 32 gms. of sulphur combine with 2 gms, 
of hydrogen. 

The gram-equivalent of sulphur is therefore 16 gms. 
Note that it is quite possible for an element to have more than 
one gram-equivalent, since two elements may combine in two 
or more ways. For instance, there are two oxides of sulphur, 
three of lead, and so on. 

The diagram below may help to make the idea of equivalents 
clear. 



Igm. H 


8 gm. O 


23 gm. Na 


35*5 gm. Cl 



^ I2gm. Mg 

Fig. 100.—Gram-equivalents 
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The meaning of Atomic Weight 

We have a mass of information, gained by quantitative experi¬ 
ment, about gram-equivalents. To take a simple and familiar 
example, we know that 

1 gm. of hydrogen combines with 8 gms. of oxygen to 
form 9 gms. of water. 

Also 2 volumes of hydrogen combine with 1 volume of oxygen 

to form 2 volumes of water 

or 2n molecules of hydrogen combine with n molecules of 

oxygen to form 2n molecules of water 
or 2 molecules of hydrogen combine with 1 molecule of 

oxygen to form 2 molecules of water 
or 4 atoms of hydrogen combine with 2 atoms of oxygen 

to form 2 molecules of water. 

Hydrogen is the lightest of all the gases. If we call the 
weight of an atom of hydrogen 1 unit, then it follows that, 
since 1 atom of oxygen weighs 8 times as much as 2 atoms of 
hydrogen, an atom of oxygen weights 16 times as much as an 
atom of hydrogen. What these weights are doesn’t matter. 
When we say the atomic weight of oxygen is 16, we mean that 
1 atom of oxygen weighs 16 times as much as 1 atom of hydro¬ 
gen. It is a sort of atomic Specific Gravity. 

VALENCY 

It has been established that methane has the formula CH 4 , 
ammonia NHg, water HgO, and hydrogen chloride HCl. So 
we see that 1 atom of carbon combines with 4 atoms of 
hydrogen, 1 atom of nitrogen with 3 atoms of hydrogen, 1 atom 
of oxygen with 2 atoms of hydrogen and 1 atom of chlorine 
with 1 atom of hydrogen. 

The number of atoms of an element which combine with, or 
replace, one atom of hydrogen is called the valency of the 
element. 

The valencies of carbon, nitrogen, oxygen and chlorine are 
therefore 4, 3, 2 and 1. 

In working out theoretical problems it is often useful to think 



A RESUME OF CHEMICAL THEORY AND ITS BASES 275 

of the valency as bonds or links, each of which can be satisfied 

by a mono-valent element, two of them by a di-valent element, 
and so on. 

Carbon, having four bonds or links, can therefore form com¬ 
pounds like this 

I ^ ^ 

— C— H— C— H O C=0 Cl—C—Cl 

H Cl 

From what has been said, it follows that 
The Atomic Weight of an element 

^ Valency x Gram-equivalent. 


THINGS TO 


4 

REMEMBER 


If you have read so far, you are probably keen on Chemistry and 

may wish to make some form of science your career. 

When you read, you read words, not letters. Think how difficult 

it would be if you had to think how to spell every word. If you play 

a musical instrument you don’t have to think about every note ; if 

you type, you do so without having to look for every letter. To'do 

these things, you had to commit the elements to memory, so that 

they became automatic. In the same way, if you are going to be a 

scientist, you should learn these facts now so that you will never 
forget them : 

1. The symbols. Atomic Weights and valencies of about 24 common 
elements. 


2. The Law 

3. The Law 

4. The Law 


5. Gay Lussac’s Law of Gas Volumes, 

6. Avogadro’s hypothesis. 



QUESTIONS ON CHAPTER 18 


1. What suggestions concerning the nature of atoms were made by 
Dalton when he advanced his Atomic Theory ? 

In a class experiment 1 -992 gms. copper was heated strongly in 
air until a constant weight of 2-500 gms. of a black powder was 
obtained. In another experiment 1-284 gms. copper was con¬ 
verted to 1-600 gms. of the same black powder by a different 
method. Use these results to illustrate a chemical law. 
Taking Cu = 63-5 and O = 16, calculate which of the above 
experiments was carried out more accurately. 

(Welsh Joint Gen. Sci., 1953, Paper II) 

2. When 0-377 gm. of a metal was dissolved in dilute hydrochloric 
acid 150 c.c. of hydrogen (measured at N.T.P.) was evolved. 
When carbon monoxide was passed over 1-159 gms. of the oxide 
of the metal at a high temperature, it was found that 0-811 gm. 
of the metal remained. 

Use each of these results to find the equivalent of the metal, and 
explain the relation between the two equivalents. 

(H=I; 0 = 16; 1 litre of hydrogen at N.T.P. weighs 0-09 gm.) 

(Welsh Joint Gen, Sci., 1952, Paper II) 

3. Define atom, molecule, and molecular weight. 

Ca(HC 03)2 = CaCOg + HjO + C 02 (Ca =40, C = 12 ) 

State (a) what the above equation tells you, (b) what it does not 
tell you about the reaction. 

What weight of magnesium is required to make 10 gms. of 
magnesium sulphate ? What weight of sulphuric acid is used 
in the process ? 

(Mg = 23; S = 32; 0 = 16; H = I) 

(Welsh Joint Gen. Sci., 1951, Paper II) 

4. Describe the extraction of iron from its ore. State THREE 
important differences between cast iron, wrought iron, and steel. 
If carbon reduces an iron ore according to the equation 

FeaOi + 2C = 3Fe + 2COa 

how much carbon will be required to reduce 1 ton of the ore ? 

(C = 12; O = 16; Fe = 56.) 

(Welsh Joint Gen. Sci., 1950, Paper III) 
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N.B. The chief reference is in HEAVY TYPE 


A ~ argon 
Absolute zero, 3 
Absorption of gases, 206 
Abundance of elements, 
45-6, 245, back cover 
A.C. (alternating current), 
259 

Ac = Actinium 
Accumulator, 74, 204, 209, 
256 

Acetic acid, 2, 177, 178 
Acetone, 89 
Acetylene, 30, 119 
Acid. 39, 56. 57, 71, 135, 
183. 191, 208, 219, 246. 259 
262-3; anhydrides, 213; 
radicals, 80, 221; salts, 187; 
soils, 125 
Acidic oxides, 44 
Activity series, 246 
Adulterated, 176 
Adults. 170 
Aeration, 104 
Aeroplanes, see Aircraft 
Aero-engine, 165 
Aero-modelling, 164 
Africa 232, 244 
AJter-damp, 143 
Ag = silver (Argentum), 77, 
80 

Aggregate, 118 
Agriculture, 184 
Aim, 11 

Air. 3, 15, 22, 24-^0. 45. 49, 
51, 77, 83, 101, 181, 183, 
185, 195. 212, 260, 262-3; 
action on metals, 246; 
composition, 24; in streets, 
143; is a mixture, 51; 
liquid, 26, 48; pollution, 
37; solubility, 51 
Aircraft, 77, 175, 253, 257, 
262, 263, 264 
Airwick^ 35 
A1 = aluminium, 80 
Albumen, 171 

Alcohol, 10. 32. 49, 63, 93, 
120, 162-3, 168-9, 175-6, 
176, 191, 219, 220, 258 
Alkalis, 56, 185, 187, 219, 
252 

Allotropy, 98, 110 
Alloys, 226, 244, 250, 256-7. 
259. 260-4 
Alnico, 264 
Alsace, 130 

Alternating current, see A.C. 
Altitude, 30 

Alum, see Potash alum,92 


Alumina (AI2O3), 224 
Aluminium, 3, 44, 46, 78, 
133, 223, 224, 228, 232, 
245-7, 251, 252-3, 259, 262, 
264-5 

Aluminium chloride. 84; 
hydroxide, 84; nitrate. 81; 
oxide, 81, 151, 224, 232; 
silicate, 120, 122, 126; 

sulphate, 84, 211 
Am = americium 
Amalgams, 226, 261 
America, see U.S.A, 
Amethyst, 126 
Amino-acids, 171 
Ammonia, xv, 24, 27, 69, 84, 
89, 90. 96, 101, 120, 132, 
147, 150, 151, 152. 171, 

182-3, 184, 189, 192, 195-6, 
235, 270, 271, 274; solu¬ 
bility, 188 

Ammoniacal cuprous chlor¬ 
ide. 153 

Ammonium compounds, 78, 
80, 185, 196; carbonate, 
185; chlorate, 185; chlor¬ 
ide, 50, 95, 132, 185, 187. 
195; hydroxide, 78, 185, 
187; nitrate, 2, 185, 191, 
192, 194, 195; oxalate, 212; 
sulphate, 54, 150, 152, 181, 
182, 184, 185, 189. 195, 
208, 211 

Amorphous, 93, 99 
Ampere (amp.), 220 
Amyl acetate, 177; alcohol, 
176-7 

Anesthetics, 238 
Analysis, 43, 66, 217, 219 
Anhydride, 213 
Anhydrous compounds, 20, 
63, 93 

AnUine, 191, 192 
Animal charcoal, 100 
Animal starchy 167 
Animals, 17,25, 34, 102, 171, 
174, 182-3, 255 
Annealing, 251 
Anode (-|-). 67, 133, 217, 
221, 228 

Anthracite, 32, 151 
Anti-aircraft, 70 
Anti-chlory 237, 240 
Antidote, 140, 235 
Antimony, 236, 256, 264 
Anti-rheumatic, 211 
Antiseptic, 238 
Aperients, 105, 135, 209, 211 
Appetite, 167 
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Apples, 56, 85, 107 
Approx. == about 
Apricots, 85 
Aquaria, 96 
Aquatic animals, 29 
Aqueous solution, 63, 85 
Arabic, 77 

Archbishop of Canterbury, 
85 

Archimedean screw, 206, 226 
Arctic, 35 

Argon, 24, 25, 31, 43, 44 
Arid, 36 
Arrhenius, 220 
Airows, A y, 83 
Arsenic, 207 
Arteries, 34 
Art silk, 208 
Artificial fertilizers, 184 
Artificial silky see rayon 
Artificial stone, 119 
As — arsenic 

Asbestos, 50, 121, 126, 174, 
207 

Ascorbic acid, 173 

Ash. 37. 130, 151, 152, 268 

Ashdown Forest, 100 

Aspirator, 162 

Aspirin, 150, 152 

Assimilate, 171 

At = astatine 

at. = atomic 

-ate. 22, 78 

Atmosphere, 25 28; pollu¬ 

tion of, 37—8; pressure of, 
62 

Atom, X, 76, 91, 221 
Atomic arrangement, 99, 
120; nucleus, 35; size, 76; 
symbols, 77; theory, 270; 
weights. 79. 82, 274, 275 
Attractiveness, 223 
Au = gold (aurum), 77 
Avogadro’s hypothesis, 271 

B = boron 
Ba — barium 
Bacon, 171, 193. 194, 233 
Bacteria, x, 38-9, 87, 123. 
125. 131. 178, 182-3. 192, 
204 

Bad cooking, 173 
Baking, 107 

Baking powder. 107, 134 
Balancing equations, 82 
Ballast, 249 
Balloons, 31, 60, 69, 75 
Ball-pen, 175 
Banana, 255 
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Barium chloride, 88, 206; 

sulphate, 206 
Barley, 184 

Barometer, 11, (210), 258 
Base, 72, 208 
Base exchange, 138 
Base metals, 222 
Basic oxides, 44, 120, 245 
Basic slag, 119 
Bath, 256 

Bath salts, 131, 134. 137 
Bathing, 40, 233 
Batteries, 217 

Battersea Power Station, 38 

Battleship, 250 

Bauxite. 224, 232, 253 

B.D.H., 125 

Be = beryllium 

Beans, 85, 184 

Bee sting, 139 

Beef, 170 

Beer. 170 

Beet-sugar, 167 

Belgium, 132, 260 

Bell-metal, 259, 264 

RpIInw^ 249 

Benzene (Benzol). 89. 149, 
150, 152, 191 
Benzoyl peroxide, 174 
Berkelium, 44 
Bessemer, 119, 250 
Bi — bismuth 

Bicarbonates, 80, 110, 130, 
134 

Billingham-on-Tees. 185 
Biology. I, 175, 270 
Biscuits, 259 
Bismuth, 261, 264 
Bisulphates, 80 
Bitter taste, 101 
Bitumen, 159 
Bk = berkelium 
Blacky 271 
Black ash, 132 
Blackboard crayon, 8, 125 
Blackcurrants, 173 
Black Earth, 125 
Blacklead = graphite 
Black market, 46 
Blankets, 203 

Blast furnace, 119, 244, 248 
Bleaching, 212, 232, 237, 
238-9; by chlorine com¬ 
pounds, 237-8; by oxalic 
acid, 212; by sulphur 
dioxide, 202-3; powder, 
119, 226, 237, 239 
Blight, 255 

Blood, 1, 18-20, 34, 44, 
166-7, 211, 252; corpuscle, 
xi; transfusion, 4 
Bloonty 251 
Blouse, 214 

Blowlamp, 163, 165, 166 
Blowpipe, 30, 70 
Blue-black ink, 212, 252 
Blue compounds, 253 
Blue colour, 93. 94, 187 
Blue flame, 143 
Blue Ram, 239 


Blue vitriol, 211 
Body-building foods. 170 
Body temperature, 18, 168 
Bog Iron ore, 147 
Boiled water, 136, 138 
Boilers, 73, 254 
Boiler scale, 139 
Boiling point (b.p.), 2, 3, 29, 
62, 177 
Boils, 173 
Bombs, 258 
Bonds, 81, 275 
Bones, 44, 46. 100, 120, 166, 
170-1, 173, 208 
Bonfire, 130 
Books, xiii 
Borates, 124, 126 
Borax, 124, 126 
Bordeaux mixture, 209, 255, 
Boron, 123 
Bottles 123 
Botiogas, 32, 156, 158 
Boulder Dam, 228 
b.p. = boiling-point 
Br — bromine 
Brackets, 251 
Brain, 107 
Brambles, 56 

Brass, 20. 52. 53. 223, 251, 
260, 262. 264 
Brasso, 7, 189 

Bread. 107, 168, 170, 171, 
176, 183 

Breadcrumbs. 16 
Breathing, 16, 17, 37, 94, 
102, 107 

Brewing, 108, 176 
Bricks. 115. 122 
Bridges, 250 
Brilliance, 259 
Brillo, 10 

Brimstone — sulphur, 202 
Brine, 132, 133, 221, 225, 
228, 231-2 
Bristol, 260 

Britain, 20, 125, 200, 208, 
245 

British Thermal Unit 
(B.Th.U.), 149 
Brittleness, 249, 251 
Brobat, 239 
Bromine, 44 

Bronze, 244, 246, 251, 259, 
262, 264 
Bronze Age, 245 
Brown Bread, 173 
Brown colour, 238 
Brown gas, 43, 254 
Brown Ring Test, 193 
B.Th.U,, 149 
Bubbles, 61 
Buckets, 20, 251 
Builders, 20, 111 
Building materials, 115, 119, 
152 

Bulbs, 31 
Bullets, 256 

Bunsen burner, 3, 115, 160 
Burglar, 30 
Burgundy, 209 


Burma, 156 

Burning, 9-15, 22. 29, 64 

-building. 154 

Buses, 145, 159 
Bustlepipe, 248 
Butane, 32. 156, 157, 158 
Butter, 169, 170, 173 
By-product, 150, 197 

C = carbon, 77, 80 
c. = Centigrade 
Ca = calcium, 77, 80 
Cabbage, red, 56 
Cadmium, 261, 264 
Cake-making, 134 
cal. = calorie 
Calcined, 118 
Calcite. 115, 126 
Calcium, ix, 30, 44, 46, 64, 
65, 78, 24^7; compounds. 
126, 166; aluminium sili¬ 
cate, 118; bicarbonate, 84, 
110, 117, 134, 138, 187; 
bisulphite, 203; carbide, 78. 
119; carbonate, 78, 102, 
115, 117, 119, 123, 126 {and 
see Chalk, limestone); 
chloride, 20, 22, 36, 58, 134; 
hydroxide 22, 65, 126 {and 
see Lime-water); in food, 
166; metal, 30, 73, 246; 
oxide, 43, 65, 116, 126 {and 
see Quicklime); phosphate, 
22, 46. 100, 166; silicate, 
249; stearate, 138; sulphate. 
119, 120, 126, 210; sulphite, 
78 

Calculations, 274 
Caliche, 193 
Californium, 44 
Color gas, 32, 156 
Calorie, 1, 149 
Calorific value. 145, 148, 
149; of foods. 170 
Calorimeter, 148 
Calx, 28 

Camel’s dung, 188 
Camden tablets, 204 
Canada, 183, 254, 260 
Canadian pondweed, 104 
Candle, 4.9, 11. 33. 159, 160, 
178, 268 
Cane-sugar, 167 
Canning, 194 
Cannizzaro, 271-2 
Cannon, 100 
Cans, 259 
Capillaries, 34 
Caramel, 209 
Caravans, 156 
Carbide, 249 

Carbohydrates, ix, 166-168, 
172, 177, 209 

Carbolic acid ~ phenol, 150 
Carbon, 30, 44, 45, 46, 57, 
97, 98, 194, 246, 250, 261. 
264, 270. 274; allotropy, 
98; amorphous, 99; com¬ 
pounds, 97; cycle, 34; 
dioxide, 1, 12, 18, 24, 28, 
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32,34, 39, 56, 68,71,78,87, 
89,97.101-9, 132, 176, 249, 
270; disulphide, 94, 208; 
electrodes, 223. 225, 228; 
monoxide, 18, 38, 71, 78, 
84, 101. 142-5, 146, 149, 
154, 157, 249, 276; tetra¬ 
chloride, 5, 47, 78, 89, 96, 
106, 238-9 

Carbonates, 80, 123, 130-9, 
247 

Carbonic acid, 33, 71, 84, 87 
Carbonisation, 97, 150, 152 
Carboxy-hxmoglobin, 144, 
153 

Carlyle ^ 131, 194 
Carminative, 135 
Carrots, 173 
Car tyres, 101 
Cars. 250 

Cartridge case, 254 
Casein, 171 
Casting, 250 
Cast iron, 249, 251 
Castor oil, 165 
Catalyst, 27, 28, 39, 72, 151, 
167, 169, 174, 185, 192, 195, 
206, 208 
Catgut. 172 

Cathode (-), 68 , 133, 217, 
221 , 228, 260 
caustic, 20 , 66 

Caustic soda = sodium hy¬ 
droxide, 20, 22, 25, 26, 66 , 
108, 169,203,224,225, 232. 
236 

Caves, 111, 135 

c.c. = cubic centimetre = 
ml. 

Cd = Cadmium 
Ce =* Cerium 

Cell, blood, xi; dry, 189; 
Leclanchd, 260; living, 17, 
171 

Cellulose, x, 151, 174, 179, 
208 

Cement, 117-19, 122 
Centipedes, 125 
Central heating, 100 
Ceylon, 99 
Cf — Californium 
cf =» compare 
Ch. =5 chapter 
Chalk, 87, 93, 115, 117, 120, 
125, 126, 194; blackboard, 
8 , 125 

Chamber process, 205 
Champion^ 260 

Changes, chemical or physi¬ 
cal, 6 

Characteristic. 130, 236 
Charcoal, 30, 32, 98-101, 
143, 244 
Charring, 98 
Charterhouse, 256 
Charts, vi 
Chaucer, 188 
Cheddar, 135 
Cheese, 171 

Chemical change. 1 , 6,43 


Chemical compounds. 43; 
constants, 45; equations, 
81; garden. 123, 127; 

laboratories, 133; names, 
24; symbols. 77; theory, 
268 

Chemistry. definition, 7 ; 
history, 245; inorganic, ix; 
organic, 156 

Chequerboard pattern, 181 
Cheshire, 231 
Children, 166, 181 
Chile saltpetre, 184-5, 193 
Chilterns, 115 
China clay, 122 
Chlorates, 80 
Chlorides, 78, 88 . 193, 234 
Chlorine, 44, 46, 80, 81, 101 , 
119, 212, 223, 225, 232, 
234-9, 269, 271 ; ions, 221 
Chloroform, 93, 238-9 
Chlorophyll, 35, 258 
Chloros, 239 
Chocolate, 170. 252-3 
Christmas pudding, 163 
Chromic acid, 223 
Chromium. 44, 124, 126. 

222-3, 245, 250-1, 264; 

plating, 222 

Church roofs, 46, 244, 256 
Cigarette smoke, 207 
Cinemas, 31, 117, 207, 259 
Cinnabar, 258 
Citric acid, 56, 105, 135 
Civilisations, 244 
Cl = chlorine, 77, 80 
Clark’s process, 138 
Clarke, F. 45 
Clay, 99, 117, 119, 122, 125, 
224. 247, 253 
Cleaning, 37 
Clinker, 6 , 47, 118 
Cloth, 236 

Clothes, X, 96, 174, 187, 

2 1 

Clotting of blood, 18 
Clover, 184 
cm. = centimetre 
Cm = Curium 
CN = cyanide 
CNS = thiocyanate 
Co = cobalt 
CO 3 = carbonate 
Coal, 4, 10 , 32, 35, 69, 87, 97 , 
102, 149, 150, 151, 152, 164, 
195 ; gasification, 151; use 
and mis-use, 152; washing, 

Coalfield, xiii 
Coalfire. 150. 210 
Coal gas, 19, 30, 32. 38. 69 
143-5, 146-50, 152, 156. 
157. 164, 195, 204, 208, 210 
Coalite, 150 
Coal mines, 68 , 156 
Coal-seams, 201 
Coal-shed, 36 
Coal stove, 37 

Coal tar, 146, 150, 152, 191, 
238 


Cobalt, 245, 250, 264; blue. 

126, 130; chloride, 93, 124 
Cocoa tins, 3, 101 
Cocoons, 174 
Cod liver oil, 173 
Coinage metals, 77 
Coins. 187, 246, 254 
Coke, 10. 26, 32. 38. 69. 71, 
98, 99. 100, 119, 145, 147. 
149. 152, 153. 185. 195, 248, 
249 

Cold climates, 169 
Colloids. 211 
Coloured glass, 126, 130 
Colours, 262-3 
Combining volumes, 271; 
weights, 273 

Combustion = burning, 14, 
22, 177 

Common salt = sodium 
chloride 

Composition of compounds, 
48. 82, 269 

Compounds, 43, 46, 48, 260, 
269; of calcium, 119; of 
chlorine, 239; of nitrogen, 
195; of sulphur, 204 
Compressed air, 200 
Compression, 28, 188 
cone. = concentrated 
(strong), 58 
Conclusions, 12 
Concrete, 118, 123 
Condensation, 49 
Condenser, 147 
Conductivity, 44. 245, 254. 

261. 262-3 

Conservation of Mass, 268 
Constant composition, 269 
Contact process, 206 
Containers, 259 
Control experiment, 12, 22. 
100 

Converter, 69 
Cooking, 173 
Cooking mats, 121 
Copper, 8 , 21, 44. 45, 46, 53, 
57. 58. 63. 77, 83, 187. 190. 
196. 202. 205, 223, 228. 244, 
245-6, 251. 252. 253-5. 259, 

262. 264, 270, 276 
Copper compounds, 124; 

carbonate, 254; chloride, 
84, 254; coin, 186; hydrox¬ 
ide, 187, 254; nitrate, 193, 
253; oxide, 8 , 26, 57, 71, 
84, 100, 244; pipe, 251; 
purification, 222 ; pyrites, 
254; sulphate, 4. 19. 57, 
71. 83, 88 , 92, 134. 167, 
187, 209, 210, 217, 246, 
254, 255; (anhydrous), 62— 
3, 93; sulphide, 84; tests 
for, 187 
Corks, 87. 190 
Corn, 175 
Cornflour, 168 
Cornwall, 122, 259 
Corrosion, 133, 152, 208, 
210. 223, 254. 256 
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Corrugated iron, 20 
Corrugated paper, 203 
Cosmetics, 93 
Cost, 20, 164 
Cotswolds, 102 
Cotton, X, 172,174, 190, 225, 
237 

Coughs, 39 
Coulomb, 220 
Courtier stove^ 37 
Cows, X, 181 
Cowper stove, 248 
Cozy stove^ 37 
Cr = chromium 
Crabs, 115 
Crayon, 125 
Cream of tartar, 134 
Creosote, 69, 1^ 

Cress, 33 
Crisis, 200 
Crops, 37, 116 
Crucible, 3, 10 
Crude salt, 232 
Cryolite, 224 
Crystal. 91, 92 
Crystal glass, 123 
Crystallisation, 49, 53; water 
of, 93 

Cs — Caesium 

Cu = copper (Cuprum), 77, 
80 

Cubes, 91 
cu. ft. — cubic foot 
Cumberland, 99, 260, 270 
Cuprammonium, 187 
Cupric compounds, see Cop¬ 
per, 57, 58 
Cupro-nickel, 262 
Cuprous oxide, 179 
Curing bacon, 194; fish, 
233 

Current, electric, 220, 224 
Curtains, 38 
Custard powder, 168 
Cutting metals, 30 
Cyanides (CN), 223 
Cylinders, 16, 28 

Dalton^ 79, 270-1 
Dalton’s Atomic Theory, 76, 
270 

Dangerous experiment, 191 

Dates, 245 

Davy^ 245 

D.D.T., 238-9 

Dead Sea, 87, 231 

Death, 183 

Decane, 158 

Decay, ix, 35, 102, 182, 

183 

Decomposition, double, 138 
Decontamination, 237 
Decoration, 222 
Defence, 70 

Definitions, indexed in black 
type 

Deflagrating spoon, 16, 29, 
202 

Dehydration, 85, 209 
Deliquescence, 194, 232 


Denitrifying bacteria, 183 
Density, 2, 4. 45, 62, 66, 68, 
187, 209 

Density flask, 32 
Dental alloy, 263 
Deodorant, 35 
Derbyshire, 260 
Description, 2 
Desert, 193 
Desert plants, 36 
Desert sand, 125 
Desiccator, 36, 94 
Destructive distillation, 97 
Detergents, 61 
Detonatoi, 191 
Dettol (chlor-xylenol), 238-9 
Deuterium, 76 
Di-. 275 

Diamond, 98, 120 
Diastase, 175 
Dichlorphenolindophenol, 


Ductility, 44, 245, 259 
Dung, 87, 188, 197 
Duodenum, 169 
Durability, 244 
Duraglit, 189 
Duralumin, 257, 262, 264 
Durazone, 239 
Dust in air, 36, 37, 86, 124 
Dusty death, 124 
Dy = dysprosium 
Dyestuffs, 97, 150, 152, 191, 
195, 212 
Dynamite, 191 
Dynamo, 217 
Dysentery, 87 

Earth, 253; the, 45 
Earthenware, 122 
Earthworms, 125, 128 
East Anglia, 119 
Effervescence, 56, 105, 125 
133 


DickenSy 202 

Diesel engines, 164; oil, 159, 
162, 165 
Diet, 181. 232 
Diffusion, 68 
Digestion, ix, 167, 171 
Digging, 183 
dil. = dilute (weak), 210 
Dill, 135 

Diphenylamine sulphate, 193 
Diphtheria, 38 
Dipping, 260 

Direct Current (D.C.), 229 
Disaster, 200 
Disease, 37, 203 
Dish. 5 

Displacement, 246 
Disraeli, 210 

Distillation, 48, 49, 53, 86, 
88 , 190; of coal, 147; of 
petroleum, 160; of wood, 
97 

Distilled water, 87, 209 
Distilleries, 176 
Ditchwater, 193 
Di-valent, 275 
Dogs, 111 

Domestic bleach, 238; fires, 
37; science, 107 
Domestos^ 239 
Double decomposition. 138 
Dough, 107 
Downs, 115 
Drainpipes, 127 
Drawing-pins, 264 
Dried foods, 85 
Drikold = dry ice, 106 
Drilling. 99 
Drinking water, 238 
Drinks, alcoholic, 176; fizzy, 
104 

Drugs, 97. 152, 192, 195 
Dry batteries (cells), 189, 
195, 234, 260; cleaning, 96; 
ice, 106 

Drying agents, 185 
Drying gases, 36 
Drying apparatus, 220 


Efficiency of heating, 151 
Efflorescence, 93, 131, 194 
e.g. = for example 
Egg, 7, 85, 123, 171; preser¬ 
vation, 123; shells, 116; 
spoon,252 
Egypt* 77, 245 
Eisen, 77, 252 

Electric apparatus, 254, 264; 
batteries, 43; fires, 264; 
furnace, 99; insulator, 121; 
lamp, 31; lighting, 217; 
motor, 99; radiator, 3, 151, 
153 

Electricity, 37, 44, 133, 151, 
164, 220. 245, 252; genera¬ 
tion, 151 

Electrode potentials, 246 
Electrodes, 99, 217, 228 
Electrolysis, 217-28, 247; 

applications, 222-6; laws, 
220 ; of CUSO 4 , 222; of 
NaCl, 225-6, 239; of 

NaiSOi, 226; of “water”, 

66, 221 

Electrolytes, 209, 219 
Electrolytic cell, 228 
Electromotive force 
(E.M.F.), 217 

Electron, 76; microscope, 

77 

Electroplating, 99, 211, 222, 
228, 262 

Electrostatic precipitation, 
208 

Elektron, 257 

Elements, 43, 76, 77, 274; 
abundance of, inside back 
cover; names of, 77; perio¬ 
dic table of, inside back 
cover; properties of, inside 
front cover; symbols of, 

77 

Elizabeth I, 100 
Elodea canadensis, 104 
e.m.f. = electromotive force 
Emery, 20 
Enamel, 214, 251 
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Endothermic reaction, 145 
Energy, 35, 66, 217; electri¬ 
cal, 66; of foods, 17, 166, 
170 

Engineer, 21, 28 
England, 28 (see also Britain) 
Enzymes, ix, 167-9, 175 
Epsom salt, 57, 135, 211 
Equations, chemical, 81 
Equivalent (equiv.), 220, 273, 
275, 276 
Er = erbium 
Erosion, 125 
Eruption, 209 
Esse stove^ 37 
Esters, 176, 178, 191 
Estimation, 238 
Ethane, 157 

Ether, 52. 53, 63, 95, 165, 169 
Ethyl alcohol, see Alcohol, 
175 

Eu = europium 
Europe, 259 
Evaporation, 5, 49, 226 
Everest, 28, 30 
Examinations, v 
Excretion, 183, 193 
Exhaust, 143 

Exothermic reactions, 65, 69 
Expansion of gases, 28; of 
glass, 123, 126; of metals, 
264 

Experiment 11, 22; control, 
12 

Expire, 17 
Explanation, 11,22 
Explosion, 30, 143, 248 
Explosives, 52, 97, 150, 185, 
191, 194, 195 
Exports, 237 
Expt. = experiment no. 
Extinguishing fires, 105, 106, 
264 

Eye lotions, 211 

F = fluorine 
F. ~ Fahrenheit 
Fabrics, 38 
Facts, 82, 172 
Fainting, 189 
Fallowing, 184 
Faraday’s Laws, 219, 220 
Farm animals, 232 
Farm buildings, 120 
Farmers, 125 
Farmyard, 197 
Fats, ix, 166, 169. 170, 172, 
173 

Fatty acids, 169 
Feathers, 189 
Fe — iron, 77, 80 
Feeding, 34 
Feeling, 2, 66 
Fehling’s solution, 167 
Felspar, 122, 126 
Fennings Fever Cure, 193 
Fer, 252 

Fermentation, 56, 176, 178 
Ferric compounds, 78, 212, 
252; chloride, 186, 269; 


oxide, 122, 209; sulphate, 
209 

Ferrous compounds, 78, 252; 
chloride, 269; sulphate, 52, 
57, 89, 193, 210, 212, 251; 
sulphide, 47 
Fertility. 173 

Fertilisers, 26, 69, 119, 150, 
181, 194, 195, 204, 208, 211 
Fibres, 174 
fig. = figure no. 

Figs, 85 

Filament lamps, 259 
Filter paper, 36, 179 
Filtration, 48, 49, 53 
Findlay^ 29 
Finger-nails, 171 
Fire, 9 

Firebrick, 248 
Fire-damp, 68, 156 
Fire-extinguishers, 105-6, 
238 

Fire-proofing, 121 

Fir e-suits, 121 

Fireworks, 263 

First Aid, 214 

Fish, 96, 172, 233 

Fixation of nitrogen, 197 

Fixing photographs, 211 

Fizz, 125 

Fizzy drinks, 104 

Flame, 160, 257; test, 130 

Flashlight powder, 257 

Flash-point, 163 

Flax, 174 

Flesh, 210 

Flint, 120, 126; glass, 126 
Flocculation, 211 
Flotation (Floating), 50, 53, 
65, 254 

Flour, 120, 168 
Flowers. 240, 203, 236 
Flowers of sulphur, 202 
Flue dust, 248 
Fluoride, 224 
Fluted filter, 50 
Flux, 119, 249 
Fluxite, 234 
Foam, 106 
Fogs, 37 
Foil. 259 

Food, 18, 166, I8I; energy 
values of, 170; reserves of 
plant supplies, 125 
Fool’s gold, 38 
Forge, 28 
Formulae, 48, 79 
Forth Bridge, 21, 23 
Fossils, 115 

Fountain expt,, 188, 234 
Fr = Francium 
Fiance. 28, 131, 191, 224, 
228, 252, 255 
Frasch process, 200 
Freezing mixture, 2; points, 
2, 62 

French Revolution, 194 
Frost, 117, 122 
Frozen pipes, 165 
Fruit, 35, 56, 107, 131, 204 


Fuels, 30, 32, 33, 37, 97, 142; 
energy value of, 149; for 
model aircraft, 165; gase¬ 
ous, 144-50; liquid, 162-5; 
oil, 159; smokeless, 37; 
solid, 151 
Fulham, 38 

Fume cupboard, 60, 235 
Fumigation, 203-4 
Fungus, 107, 202, 209, 211, 
255 

Fur (of kettles), 139 
Furnaces, 145, 247; blast, 
248; reverberatory, 132 
Fused = melted 
Fuse-wire, 223, 254, 256, 259 

Ga == gallium 
Galena, 256 
Galicia. 231 
Gallic acid. 212 
Galvanising, 208, 251, 260 
Garage, 143 
Gardening, 250 
Garden (chemical), 127 
Gas, XV, 2, 37, 38 {see also 
Coal gas); cookers, 251; 
fires, 151; jar, 109; poker, 
154; works, 38, 145, 147, 
184, 204, 211 
Gaseous fuels, 144 
Gaseous volumes, 271 
Gases, chemical combina¬ 
tion of, 271; drying of, 36; 
formulae of, 81; solubilities 
of, 89 

Gasholder, 147 
Gasification of coal, 151 
Gasoline, 160, 162-3 
Gastric juice, ix, 175 
Gastronomy, 85 
Gay-LussaCy 271 
Gd — Gadolinium 
Ge = Germanium 
Gelatine, 85, 171 
General Science, v 
Genissiat, 228 
Genius, 172 

Germany, 130, 184-5, 237, 
252-3, 257, 260 
Germinating seeds, 32 
Germs, 1, 38, 203 
Glass. 78, 123, 126, 131,232; 
-like plastic, 174; rod, 50 
Glauber’s salt, 105, 135, 211 
Glazes, 122 
Gloves, 139 
Glowing splint, 14, 22 
Glucose, ix, 101, 167, 168, 
174, 175-6 

Glycerol (glycerine), 169, 
176, 191, 219 
Glyceryl stearate, 169 
Glycogen, 167 

gm = gram ( Vo oz. approx.) 
Go bad, 56 
Goddardy 16 
Goitre, 232 

Gold, 44, 45, 63, 77, 244-7, 
254 
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Goldfish, 96 
Gowland Hopkins^ Ml 
Graham’s Law of Diffusion 
68 

Grain (= ^ gm. approx.) 
Gram-equivalent, 220 , 273 
Gram-molecule, 83 
Gramophone records, 223 
Granite, 122 
Granulating, 60 
Grapes, 255 
Grape-sugar, 167 
Graphite, 98, 99, 121 
Grass, 181-2, 184 
Grass mowers, 158 
Gravel, 118, 119, 123 
Gravy, 85 

Grease, 89, 96, 131, 238 
Great Britain, see Britain 
Greeks, 220, 236 
Green gas, 236; glass, 126; 
manure, 184; plants, 101, 
102; vitriol, 57, 211 
Greenhouse, 265 
Grid system, 253 
Growth, 166, 173, 181 
Guano, 194 
Guiana, 224 

Gunpowder, 43, 130, 193, 
194, 201 
Gutters, 210 

Gypsum, 119, 120, 126, 21 1 

H = hydrogen, 77, 80 
Haber process, 183-4, 192, 
195 

Haematite, 266 
Haemoglobin, 18, 144 
Hair, 26, 117, 171, 189 
Halfpenny, 21 
Halk 224 
Hammered, 244 
Handkerchief, 39, 168 
Hard drinks, 104 
Hard glass, 14 
Hard metals, 256 
Hard steel, 250 
Hard water, 1, 138, 186-7, 
256 

Hardness, 2, 223, 245, 261; 
of water, 33, 135, 138 
Harpenden, 182 
Hartshorn, 189 
Hatfield, v 

HCOg = bicarbonate 
He = helium 
Health, 181 
Health salty 135 
Heart, 34 

Heat, 6 , 245-6; conductivity, 
254; interchanger, 206-7; 
treatment, 250 
Heavy hydrogen, 76; metals, 
45 

Helium, 31 
Hexagons, 91,99 
Hexane, 158 
Hf — hafnium 
Hg = mercury (H y d r a r - 
gyrum) 


History, 244—5 
Ho = holmium 
Holland, 56 
Honey, 167 
Hopper, 248 
Hormones, x 
Hospitals, 30, 40, III 
Hot-water system, 139 
Human body, 45, 46, 170 
232, 240 
Humidity, 35 
Humus, 125 
HuttOHy xiii, 76 
Hydrate, 93 

Hydrocarbons, 146, 149, 

156, 160, 177, 191 
Hydrochloric acid {see also 
Hydrogen chloride), ix, 4, 
19, 58, 62, 71, 88 , 102, 117, 
125, 131, 196, 209, 234 
Hydro-electricity, 224 
Hydrogen, 24, 30, 44, 46, 47, 
56, 57, 58-72, 76, 77, 80, 
84, 145, 146, 149, 184-5, 
190, 196. 220, 236,239, 246, 
252, 260,270, 271, 273, 274; 
burning of, 6 i- 2 ; carbon- 
ate,71; chloride, 61, 71,84, 
186, 187, 188. 233-4, 239, 
271, 274; formula of, 81; 
heavy, 76; molecule, 81; 
nitrate, 73; oxide, 61; per¬ 
oxide, 252, 269; phosphate, 
71; sulphate, 71; sulphide, 
60, 84, 146, 147, 148, 152, 
193, 204,252, 256, 273; sul¬ 
phite, 71; uses of, 69-70 
Hydrogenation, 150 
Hydrolysis, 167 
Hydrometer, 207, 258 
Hydroxides, 78, 187 
Hygrometer, 35 
Hygroscopic, 36 
Hypo,m, 89, 168,211 
Hypochlorites, 238 
Hypothesis, 11 

I = iodine 

-ic acids and compounds, 78 
Ice cream, 106, 188, 253 
Iceland spar, 115, 126 
I.C.I. Ltd., 185 
-ide, 78 


Ink, 101,211,212, 236, 252; 
eradicator, 7, 239; invisible, 
3 

Inorganic chemistry, ix 
Insecticides, 238 
Insects, 125 

Insect pests, 120; stings, 199 
Insulation, 159 
Insulators, 45, 121 
Internal combustion engine, 
143, 163, 176 
Intestines, I, 169,175 
Invar, 264 

Iodine, 45, 53, 168, 238, 240 

Ionic theory, 220 

Ionisation, 221 

Ions, 220-1 

Ir = iridium 

Iran, 156 

Iraq, 156 

Iron, xv, 3,5,18,19,20,30,38, 
43, 45,47. 52, 53,56, 57, 58, 
63, 79. 83. 152, 185, 244-6, 
247-52, 259, 264-5, 269 
Iron compounds, see also 
Ferric and Ferrous, 124 
Iron action of steam, 63; 
Age, 244-5; carbonate, 
247; catalysts, 72 , 185 ; chim¬ 
ney, 142; chloride, 254; 
electrodes, 223; filings, 24, 
30, 57; in the body, 166; 
in glass, 123; ore, 215; 
oxide, 19, 63, 148, 151, 
247-8; pyrites. 38, 204, 207; 
rusting, 20; sulphates, 57, 
78, 83; sulphides, 78, 148, 
249; tests for, 20, 247 
Isotopes, 44, 76 
Italy, 111, 200 
-ite, 78 
-ium, 78 

Jam, 167, 204 
Jam-jar, 217, 252 
Japan, 200 
Jelly. 7, 85 
Jeweller’s rouge, 206 
Jet airlines, 158 
Jewels, 99, 255 
Joining metals, 264 
Journey into Fear, 191 


i.e. = that is 
Ignition engines, 164 
Ignition temperature, 105 
161 

Impurities, 86 
Incandescence, 263 
Incendiary bombs, 258, 263 
Indicators, 56 
Indigestion, 135 
Indigo, 152 

Industrial Revolution, 100 
Industry, 69 
Inert, 24 

Inert gases, 30, 77 
Infants, 170 
Inference, 12, 136, 172 
Inflammability, 144 


K « potassium (Kalium), 
77, 80 
Kansas, 231 
Kaolin, 122, 126 
Kathode, see Cathode, 217 
Kaye and La by, 45 
Keene’s cement, 126 
Kellner, 225 
Keratin, 171 

Kerosene, 94, 158, 160, 162 
Kettles, 253-4 
Kettle fur, 139 
Khaki. 122 

Kg = kilogram (2*2 lb. ap¬ 
prox.) 

Kiln, 116, 118, 119, 122 
Kilocalorie, 170 
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Kinetic energy, 17,217 
Kipp’s apparatus, 26, 60, 62, 
81, 252, 256 
Kitchen, 251, 262 
Knaresborough, 139 
Knife-blade, 61, 65 
Knitting needles, 161, 250 
Kr = krypton, 31 

La = lanthanum 
Lacquer, 8, 89, 176 
Lake Superior, 222, 254 
Lamp-black, 98, 101 
Lamp-posts, 250 
Lamps, electric, 31 
Lard, 169 
Lather, 135 
Latin, 77, 256 
Laundry, 37, 131, 152, 187 
Lavoisier, 28, 39, 43, 271 
Laws, 10. 68, 219, 220, 
268-9, 271 

Layer compounds, 121 
lb. = pound (453 gm.) 
Leached out, 87 
Lead, 3, 45, 46, 63, 244-5-6, 
251-2, 255-7, 261,262, 264, 
270, 273 

Lead acetate, 146, 246; car¬ 
bonate, 257; chamber, 204— 
6; glass, 126; nitrate, 134, 
193, 195, 255; oxides, 84, 
100, 122, 123, 195; pencils, 
99; sulphate, 208; sulphide, 
256, 259 

Leather, 172, 174 

Leaven, 107 

Leaves, 167 

Leblanc process, I 31 

Leclanch6 cell, 260 

Leguminous plants, 183 

Lemon juice, 56, 139, 173 

Lemonade bottle, 252 

Lenses, 123 

Lentils, 85 

Les Baux, 224 

Lettuce, 197 

Lewisite, 237 

Li =» lithium, 92 

Libya,188 

Lichen, 56 

Licks, 232 

Life, 85 

Light, 181 

Light metal, 253, 257 
Lignin, 151, 174 
Lime, xv. 111, 182, 189; 

chloride of, see Bleaching 
powder; kiln, 145; light, 
117; milk of, 116, 120; 

quick, 116; slaked, 16; 
stone, 87, 102, 111, 115, 
119, 125, 126, 132, 248; 

-wash, 120; -water, 
Ca(OH) 2 , 16. 22, 98, 108, 
116, 255 {see also Cal¬ 

cium carbonate, hydroxide, 
oxide) 

Links, 275 
Linseed oil, 119 


Lipase, 169, 175 
Liquefaction, 49, 185, 203 
Liquid air, 26; ammonia, 
185, 188; f^uels, 162; metals, 
258; sulphur dioxide, 203 
Litharge, 100 

Litmus, 56, 57, 65, 101, 186, 
188, 190, 202, 226, 236 
Litre (KKK) c.c.) 

Liver, 167, 173 
Living organisms, 94, 97 
Locomotives, 159 
London, 54, 210 
Long-chain compounds, 121 
Louisiana, 201 

Low-temperature carbonisa¬ 
tion, 150 
Lu = lutecium 
Lubricants, 99, 159, 160 
Lucerne, 184 
Luminous flames, 161 
Lungs, 1, 16, 34, 37 
Lupins, 184 
Lustre, 44, 245, 259 

M & B693, 192 
Machinery, 159, 223, 253, 
257 

Magenta, 203 
Magnalium, 262 
Magnesium, 10, 21, 30, 43, 
45.58.64, 78. 109,223,228, 
245-6-7, 252. 257-8. 263^, 
268, 273 

Magnesium compounds, 87, 
121; action on steam, 63; 
burning, 10; carbonate, 
119; chloride, 36; lime¬ 
stone, 119; nitrate, 78, 81; 
nitride, 78; oxide, 43, 81, 
273; phosphate, 84; sul¬ 
phate. 57. 135, 210, 276, 
Magnet mountain, 248 
Magnetism. 5, 47, 50. 52, 
247, 264 

Magnetite, 63. 247 
Magnitogorsk, 248 
Main, gas, 147 
Malachite, 244 
Malaya, 259 
Malic acid, 56 

Malleability, 44, 244-5, 256, 
259 

Manchester, 76, 270 
Manganese, 264; com¬ 
pounds, 123, 124, 126; 

chloride, 235; dioxide, 14, 
27. 84, 235, 240; steel. 250 
Manure, 87, 183, 199 
Marble, 102, 115, 125, 126 
Marcasite, 93 
Margarine, 69, 169 
Marine animals, 87, 115 
Marl, 117 
Marsh gas, 156 
Mass, conservation of, 268 
Mass spectrograph. 79 
Matches, 13, 160. 201 
Matter, 268 
Measurement, 270 


Meat, 171,210, 233; -skewer. 
161 


Medicine, 202 

Melting-points (m.p.), 2, 3. 

30. 45, 256, 264 
Mendeleev, 11 
Mendips, 102, 135, 256 
Mercerised cotton, 225 
Mercury, 3, 45, 69, 171, 

245-6, 251, 254. 258-9, 
261, 263, 264; -cathode 

cell, 225; oxide, 28, 258; 
sulphide, 258; vapour, 258 
Merry-go-round, 79 
Metallurgy, 260 
Metals, xiii, 44, 56, 57, 100, 
24^5, 276; abundance. 

inside back cover; action of 
acids, 246 ; action of water, 
63-6; activity series, 246; 
and non-metals. 44; book 
about, xiii; history of, 244; 
hydroxides, 187; in elec¬ 
trolysis, 228; in the kitchen, 
251; ores, 204; oxides, 100; 
polishes, 187 
Meteorology, 70, 

Meter, 147 

Methane, 146, 149, 156. 157. 

158. 177, 274 
Methanol, 165 
Method, 12 
Method, scientific, 22 
Methoxone, 238 
Methyl alcohol = methanol 
Methyl bromide, 106 
Methylated spirit, 1, 2, 32, 
89, 136. 165. 176 
Mexico, 259 
Mg = magnesium, 80 


gm.) 

Mica, 121, 126 
Microbes, 38 

— lortn mm., xi 
M|croscope, xi, 5; electron, 


Mild steel, 257, 

Milk. 85, 166. 170, 171-3, 
181; -bottle caps, 252-3; 
of lime, 116; tank-wagons, 
253 

Millilitre (ml.) = I c.c. 
Millimetre (mm.) = cm., 

xi 

Milling. 118 
Millon’s reagent, 171 
Milton, 239 
Mineral, xiii, 4, 50 
Mineral acids, see Hydro¬ 
chloric, Nitric, Sulphuric, 
58 

Mineral salts in food, 166 
Miners, 124, 170, 232 
Mines, 37, 191 
Mint, 33 
Miscibility, 261 
Mist, 86 

Misuse of coal, 150, 152 
Mixtures, 43. 46, 48, 260 
ml. — millilitre 
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mm. = millimetre (of mer¬ 
cury) 

Mn = manganese 
Mo = molybdenum 
Moisture, 22 

Molecular weight (M.W.), 
ix, 276 

Molecules, xi, 174, 271, 272; 
shape of, 120-1 
Molluscs, 115 
Molybdenum, 250 
Monday, 9 
Mono-, 275 
Monoclinic sulphur, 7 
Monsanto^ 207 
Mortar. Ill, 116, 117, 119 
Mothers, 166 

Motor-cars, 250; fuel, 158; 
-racing, 232 
Mould, 250, 257 
Mouldy, 212 
Mountains, 228 
Mouthwash, 258 
m.p. = melting-point, 66 
Movement, 17 
Mucus, 37 
Mugginess, 36 
Multiple proportions, 269 
Muscles, I, 18 
Mustard, 33 
Mustard gas, 237 
Mutton fat, 169 
M.W. = Molecular Weight 

N = nitrogen, 77, 80 
Na == sodium (natrium), 77, 
80 

Nails, 20, 63 

Nail-varnish remover, 63, 89 
Names, 77 
Nail-parings, 189 
Naphthalene, 147, 150, 152 
Napoleon, 130, 131 
National Flour, 120 
National Smoke Abatement 
Society, 40 
Native metals, 244 
Natron, 77 
Natural gas, 156, 158 
Nb ” niobium 
Nd = neodymium 
Ne = neon 
Neon, 31 

Network compounds, 120 
Neutralisation, 133—4 
Neutron, 76 
Newspaper, 200 
New Mexico, 231 
New South Wales, 259 
New York, 118 
NHs — ammonia 
Ni = nickel 
Niagara, 99, 228 
Nicholas Nickleby, 202 
Nichrome, 130, 264 
Nickel, 3, 66, 124, 148, 169, 
223,245,250-1,264; -silver, 
251 

Nigeria, 259 
Night blindness, 173 


Nitrates, 22, 182-3, 192-6 
Nitre (KNO3), 43, 93, 130, 
189, 194 (see also Potas¬ 
sium nitrate) 

Nitric acid, 19, 58, 73, 83, 
87, 171, 185, 187, 189-92, 
195-6, 253, 255 
Nitric oxide. 195, 205-6 
Nitrifying bacteria, 183 
Nitrites. 80, 182 
Nitrobenzene, 191 
Nitrochalk, 189, 194 
Nitrogen, ix, 24-11, 30, 39, 
43, 45, 46, 48, 69, 87, 108, 
145, 149, 171, 181-5, 195, 
270-1, 274 

Nitrogen compounds, 181- 
96; cycle, 182; dioxide 
(NO2). 195, 254; fixation, 
183; formula of, 81; oxides, 
38, 87; peroxide (NO«»), 
195, 254 

Nitrogenous fertilisers, 184 
Nitroglycerine, 191 
Nitromethane, 165 
Nitrous acid, 78 
Nobel, XV 
Nodules, 93, 183 
Noise, 2 

Non-electrolytes, 219 
Non-inflammable, 25 
Non-metals, 44, 228 
Non-tarnishing, 263 
Norfolk rotation, 184 
Northamptonshire, 247 
Nose, 37 

Np = neptunium 
N.T.P. (0^ C., 760 mm.), 32, 
83, 276 

Nuclear change, 245 
Nut charcoal, 101 
Nylon, 69, 152, 172, 174 

O = oxygen, 77, 80 
Observation, 22 
Occurrence of metals, back 
cover 

Ocean (see also Sea-water), 
87, 231 

Octadecane, 159 
Odorono, 234 
OH = hydroxide 
Ohio, 224 

Oil, 53, 65, 99, 164, 200; 

from coal, 151; gusher, 
191; heaters, 158; of vitriol, 
see Sulphuric acid, 206; 
solubility, 53; vegetable, 
169 

Ointment, 159 
Oklahoma, 231 
Olive oil, 3 
Onions, 85, 179 
Ooze, 87 

Open-cast mining, 247 
Open fires, 37, 98, 150, 151, 
153 (see also Smoke) 
Operations, 28 
Orange colour, 203; -juice, 
170. 173, 203 


Ores, 204, 224, 244, 247, 
252, 256 

Organic chemistry, ix, 156, 
177; compounds, 191, 196; 
matter, 188, 194 
Os = osmium 
Osmic acid, 169 
-ous compounds, 78 
Oxalic acid, 212 
Oxidation, 17, 185, 212, 234, 
236, 252. 259, 264 
Oxidising acids, 246 
Oxidising agent, 196, 240 
Oxides, 15, 17, 29, 44, 78, 
246, 256, 260; of carbon, 
101, 142; of metals, 72,246; 
of nitrogen, 195; of sul¬ 
phur, 206 

Oxy-acetylene blowpipe, 30 
Oxygen, xv, 14, 18, 20, 22, 
24, 27-30, 34, 39, 43, 45, 
46, 49, 61, 68, 71, 12, 78, 
79, 80, 84, 87, 89. 98, 107, 
144, 148, 166, 185, 191, 192, 
194, 203, 205-6, 269, 270, 
271, 273, 274; apparatus, 
143; cycle, 34; cylinders, 
28; formula of, 81; manu¬ 
facture, 28; mixture, 50; 
name, 39; solubility, 29 
Oxy-hydrogen blowpipe, 3 
Oyster shell, 139 
oz. = ounce (28 gm.) 

P = phosphorus 
p. = page 

Pa = Protoactiruum 
Paint. 7, 23. 38. 89, 134, 259, 
262; stripping, 165 
Pans, 254 

Paper, 10. 32, 169, 202, 204, 

232 

Paraffin, 1, 10,32,63,94,158. 
160, 162-3, 164-5; hydro¬ 
carbons, 156, 163; wax, 15, 
159 

Paralysis, 124 
Paris, 130, 194 
Par ozone, 239 
Patients, 30 
Patina, 254 

Pb = lead (Plumbum), 77, 
80 

Pd = palladium 

Peaceful use of explosives, 

191 

Peanuts, 52, 95, 169 
Peardrops, 177 
Peas, 33, 184 
Peat, 97, 149,151.256 
Pellets, 226 
Pen, 175 
Pencil, 99 

Penguin books, xiii, 191 
Penny, 187 
Peppermint, 135 
Pepsin, 175 
Perfume, 97 

Periodic tabic, 77, inside 
back cover 
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Permanent hardness, 138 
Permuiit, 121, 136. 138 
Perspex^ 175 
Perspiration, 35 
Pest-killers, 120, 202 
Petrified, 139 

Petrol. 8, 35, 69, 70, 96, 112, 
143, 145. 150, 158. 160, 
162-3; from coal, 69; 
lighter, 162, 178; storage 
tanks, 253 

Petroleum, 97, 149, 156, 

158-9, 160; jelly, 159 
Pewter, 256, 259 
pH (acidity), 125 
Phenol, 69, 150, 152, 212 
Phenolphthalein, 86 
Phosphates, 22, 80, 166 
Phosphides, 249 
Phosphor-bronze, 261 
Phosphoric acid, 71 
Phosphorus, 43, 45. 46, 171 ; 
allotropy, 98; burning, 13, 
14, 29-30; compounds in 
food, 166; pentoxide, 36, 
71; sulphide, 201 
Photographers, 88 
Photographs (Plates), viii 
Photography, 211, 234, 257 
Photophobia, 173 
Photosynthesis, 33-35, 97, 
102, 167 

Physical change, 6, 43; pro¬ 
perties, 1 

Physics, 1, 217, 246 
Pickling, 56, 208; of steel, 
259 

Pigs, 249 

Pig iron. 119, 248 
Pig protein, 171 
Pigments, 258 
Pin, 254 
Pine trees, 151 
Pink colour, 144, 171 
Pint(= 570 ml.) 

Pipes, 210, 255-6 
Pistons, 253, 262 
Plants, 25. 34, 35. 38, 182-3, 
5 5 


Plasma, 18 

Plasterboard, 119, 120 
Plaster of Paris, 120, 122 
126, 211, 255, 

Plasticity, 261 

Plastics, 70, 97, 119, 152 
174, 247 
Plates, viii 

Platinised asbestos, 207 
Platinum, 3, 45, 63, 67, 124 
192, 195,208.219. 226, 228 

244, 246-7, 265; chloride 
207 


Plimmer, 172 
Ploughing, 184 
Plumbing, 256, 262 
Plumb-line, 256 
Pm =* prometheum 
Pneumatic trough, 27, 58 
Pneumonia, 30, 38 
Po = polonium 


Pointing of walls, 117 
Poison gas, 101 
Poisoning of catalysts, 207 
Poisons, 235-6, 256 
Poland, 231 
Polarity. 229 
Pole-finding paper, 229 
Polish, 245 

Pollution of atmosphere, 36, 
37, 38, 153, 178 {see also 
Smoke); of water, 87 
Polymerisation, 175 
Polystyrene, 174 
Pop, 51 

Porcelain, 10, 122 
Porridge, 171 

Portland cement, 117; stone, 
115 

Positive pole ( + ), 217 
Pot-ash, 122. 130, 234 
Potash alum (alum), 92 
Potassium, 46, 64, 78, 229, 
246-7; action on water, 66; 
aluminium silicate, 122, 
126; carbonate, 130; chlor¬ 
ate, 14, 27, 28, 78, 84. 89. 
90, 95, 202; chloride, 28, 
78, 229, 238; compounds, 
87, 130, 231, 257; dichro¬ 
mate, 38, 203; iodide, 84, 
168, 236, 238; nitrate, 14, 
22, 28, 43, 49. 90, 130, 192, 
194, 202, 257; nitrite, 194; 
oxide, 123; permanganate, 
14, 28, 203, 235; sulphate, 
84, 131; test for, 130; 

thiocyanate, 19, 252 
Potatoes, 35, 170-1, 173, 

209, 255 

Pols and pans. 253 
Pottery, 122, 233 
Poultry, 1 16 
Power, 97 

ppt. = precipitate, 83 
Pr = praseodymium 
Prediction. 11, 13, 22, 136, 
172 

Preservatives, 204 
Preserved food, 259 
Pressure, 35, 104, 105 
Pressure, effects, 185 
Prices, 164, 256, 258 
Priestley, 28, 33. 271 
Prime Minister, 210 
Primus stove, 163, 165 
Printing, 236, 264; -ink, 101, 
214 

Prisms, 123 
Procedure, 12 

Producer gas, 144, 145, 147 
Propane, 156, 157 
Properties, chemical, 4; phys¬ 
ical, 1 

Proteins, ix, xi, 25, 26, 46, 
166, 170-2, 178, 181-2 
Proton, 76 
Protoplasm. 85, 171 
Prunes, 85 
Pt = platinum 
Ptyalin, 175 


Pu — plutonium 
Pulp. 202 
Pump, 12 
Punctures, 89 
Pure-white, 239 
Purification, 222 
Purifiers, 147 
Putrefy, ix 
Putty, 119 
Pylons, 262 
Pyrex glass, 123 
Pyrites, see Iron pyrites, 4, 
38 

Pyrogallol, 29 

Quantitative experiments, 
268 

Quantity, 82 

Quantity of electricity, 220 
Quarrying, 124, 191 
Quartz, 120. 122, 123, 124, 
126 

Quenched steel, 150-1 
Questions, at ends of chap¬ 
ters 

Quick, 116 

Quicklime, 108. 116, 119, 

126, 185 (see also Calcium 
oxide) 

Quicksands, 200 
Quicksilver — mercury 
Quinine, 101 

Ra = radium 
Rabbits, x 
Radiators, 250 
Radicals, 80 
Radio sets, 260 
Radishes, 33 
Rags. 190 
Railways, 210, 250 
Rain, 23. 33. 35, 86, 122, 
181, 210; -making, 106; 

-water, 87, 135, 136 
Raincoat. 16 

Raising of dough, 107, 135 
Ramsay, 31 
Rats, 172 
Rayleigh, 30, 31 
Rayon, 172. 174, 200, 204, 
208, 225. 232, 237, 239 
Razor blades, 251 
Rb = rubidium 
Re = rhenium 
Reading, further, xiii 
Reagents, 193 
Rectifier, 67, 259 
Red bricks, 122 
Red cabbage, 56 
Red cells of the blood, 18 
Red lead, 256 
Red metal, 262 
Reducing agent, 144 
Reduction, 11, 212, 246, 249 
Refraction, 115 
Refractive index, 123 
Refreshing drinks, 104 
Refrigeration, 106, 185, 188. 
203 
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Reinforced concrete, 118, 
119 

Rennin, 175 
Replacement, 71 
Research, 185 

Respiration, 16, 33, 34, 35, 
107 

Respirators, 101, 121, 235 
Results, 11 
Resuscitation, 107 
Retort, 145, 147, 189 
Reverberatory furnace, 132 
Reversible reactions, 184 
Revision notes at end of each 
chapter 

Revolutions, 194 
Rh = rhodium 
Rhodesia, 254 
Rhombic sulphur, 7 
Rhubarb, 56 
Rice, 16, 85, 168 
Rickets, 37, 173 
River sand, 122 
River water, 87 
Rn = radon 
Road surfacing, 86, 159 
Roasting, 258 
Rochelle sail, 134 
Rock, 4, 99. 115, 122, 124; 
phosphate, 208; salt, 231, 
233 

Rodents, x 

Romans, 122, 232, 256, 259 

Roofing, 159, 256, 262 

Room, 33 

Roots, 183-4 

Rose-hips, 173 

Rot, 212 

Rotation of crops. 184 
Rothamsted, 182 
Roughness, 2 
Ru = ruthenium 
Rubber, 87, 89, 202; -tyres, 
101 

Ruminants, x 
Russia, 77, 125, 156 
Rusting, 19, 20, 23, 73 
Rust-prevention, 159 
Rye Harbour, 119 

S ^ sulphur, 80 
Safe-cracking, 30 
Sago, 85 
St. Albans, 122 
St. Paul’s Cathedral, 210, 
254 

Sal ammoniac (NH4CI), 50, 

188 

Salary, 232 
Saliva, 1, 167-8, 175 
Salts. 172, 208. 219, 249; 
definition, 57; common, ix, 
XV, 2, 3, 8, 36, 50, 57, 73, 
91, 94. 117, 122. 132, 139, 
166, 226, 231-5 (see also 
Sodium chloride) 

Saltcake, 131-2 
Saltpetre, 78, 194, see also 
Potassium nitrate 
SaltSy 105 


Salts of lemon, 212 
Salterns, 231 
Sand, 3, 48, 49, 53, 111, 120, 
122, 123, 126, 249, 258 
Sandstone, 115 
Saturated solutions, 58, 89, 
92 

Saucepans, 10 

Sawblade, 251; -dust, 53, 
190 

Saxony, 231 

Sb = antimony (Stibium) 

Sc = scandium 
Scale, 139 
Scandinavia, 220 
Scents, 150 
Scheelcy 28, 237 
Schoolboys, 104, 185 
Schools, 100 

Scientific apparatus, 258; 
knowledge, 7; method, 9, 
15, 22, 172; truth, 15 
Scotland, 224, 228 
Scrambled eggs, 85 
Scrap, 250 
Scrubbers, 147 
Scum, 138 
Scurvy, 173 
Se = selenium 
Sea, 45, 87, 89, 183 
Sea-birds, 193 
Sea-sand, 117, 122 
Sea-shells, 115 
Sea-water, 254, 257 
Seaweed, 131 
sec. — second 
Sedentary work, 170 
Seeds, 35, 167 
Seed hairs, 174 
Separation of mixtures, 49 
Sewage, 29, 87. 183 
Sewage gas, 156 
Shale, 122 
Sheathing, 256 
Sheep, 174 
Sheet metal, 44 
Sheffield, 23. 245, 250 
Shells, 140 
Sherardising, 260 
Ships, 191, 249, 253. 254 
Shoe polish, lOI 
Shops, 31 
Shot, 256 
Si = silicon 
Sicily, 200 

Silica (SiO..), 3. 119,120, 123, 
151; gel, 207 

Silicates, 120, 122, 124, 249 
Silicon, 120; dioxide, 115, 
120,126 
Silicosis, 124 

Silk. 37, 172, 174, 203, 214, 
23^7; artificialy see rayon 
Silver, 45, 63, 77, 187, 223, 
228, 244-5, 246-7, 251, 
252, 254, 256, 265 
Silveringy 246 

Silver bromide, 234; chlor¬ 
ide, 234; cleaning, 187; 
nitrate, 78, 88, 193, 234; 


oxide, 84; paper y 252; 
painty 253; sulphide, 252, 
259 

SilvOy 189 
Simmering, 50 
Siphon, 203, 205, 226 
Skeletons, 115 
Skin of milk, 172 
Skyscrapers, 118 
Slag, 119, 249; wool, 119 
Slaked lime, 16, 50, 111, 116, 
117, 119, 125, 138 185, 
203, 236-7 (see also Cal¬ 
cium hydroxide) 

Slate, 122 
Slaughterhouse, 18 
Slug, 139 
Slurry, 118 
Sm = samarium 
Smell, 1, 186, 189 
Smelling salts, 189 
Smelting, 245, 247-8 
Smoke, 12, 37, 115, 207; 

prevention of, xv, 37 
Smokeless fuel, 37 
Smoking, 74 
Sn = tin (Stannum), 77 
Snail, 139, 172 
Sneeze, 39 
Snow-white, 239 
Soap, 1, 7, 56, 87. 89, 131, 
135-6, 138, 169, 212. 225, 
232, 239; bubbles, 61. 103; 
caustic (see Sodium hydrox¬ 
ide); manufacture, 169; re¬ 
action with hard water, 136 
Soda, see Washing soda 
Soda ash, 232; -cake, 107; 
-lime, 12, 58; water, 104 
Sodium, 29, 30, 45, 46, 64, 
65-6, 78, 223. 226, 228, 
245-^7, 273; aluminium 
fluoride, 224; aluminium 
silicate, 138; bicarbonate, 
105, 107, 110, 130, 132, 
134-5; bisulphate, 84, 190; 
borate, 124, 126; burning, 
29-30; carbonate, 4, 56, 84, 

122, 130, 131, 190, 234, (see 

also Washing soda); chlor¬ 
ate, 233; chloride, 36, 84, 
87, 90, 91, 231-4, 239. 269; 

(see also Salt); citrate, 18; 
hydroxide, 22, 66, 84, 108, 
185, 225, 239, (see also 
Caustic soda); hypochlor¬ 
ite, 238-9-40; iodide, 232; 
ions, 221; nitrate, 78, 81, 
182. 184, 189, 190, 192-3, 
195; oxide, 81; reaction 
with water, 66; silicate, 

123, 126; stannatc. 223; 
stearate, 138, 169; sulphate, 
22. 95. 105, 135, 209,211. 
226, 229, 239; sulphite, 91; 
tetrathionate, 240; 
sulphate, 88, 168, 211, 237, 
238, 240; zeolite, 138 

Soft drinks, 104 
Soft glass, 126 
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Softening of water, 117, 121, 
136, 138 

Soil, xi, 38, 111, 119, 124, 
182-3 

Solder. 251, 256, 259, 264 
Soldering flux, 60 
Solid fuels, 151 
Solubility, 2, 89, 187-8; 

curves, 90; definition, 89; 
measurement, 90 
Solute, 89 
Solution, 49, 88, 89 
Solvay, 225 
Solvay process, 132 
Solvent, 89, 176 
Sonorous, 245, 264 
Soot, 4, 37, 54, 86, 98. 150, 
152, 163, 189 
Sorrel, 56 
Sound, 1 

Sour, 56; soil, 183 
South Africa, 98, 125 
South Kensington, 92 
Spain, 204, 245, 258 
Sparklet, 26, 104 
Specific gravity (sp. gr.), 2, 
101, 187, 207-8, 223, 246, 
253, 256, 261-3 
Specific heat (sp. ht.), 258 
Spelteologists, 111 
Spent oxide, 204 
Spider’s web, 174 
Spirits of salt, 140 
Spitting, 90 
Splint, glowing, 14, 22 
Spodumene, 92 
Springy, 250 
SqueerSy Mr.y 202 
Squids, 115 
Sr = strontium 
Stains, 212 

Stainless steel, 245, 250-1 
Stalactite and stalagmites, 
128. 135 

Stannous compounds (77) 
Starch, ix, 35, 167, 168, 171, 
229, 236 
Stassfurt, 257 
Statistics, 270 
Statues, 264 

Steam, 145, 185, 205, 246, 
271; action on metals, 
63—4; turbines, 217 
Stearic acid, 169 
Steel, XV, 10, 28, 30, 119, 
208, 250-1, 259; furnaces, 
145 


Steppe, 125 
Sterilising, 233 
Sticks of NaOH, 226 
Stimulant, 176 
Stings, 139 
Stomach, ix. 1, 135 
Stone, 115, 152 
Stone Age, 120 
Stonework, 38 
S.T.P. (= N.T.P.) 
Stoves. 37, 115, 121 
153, 176, 250 
Straw, 117, 203, 237 



Strength of metals, 261, 264 
Stubble, 184 
Styrene, 174 
Sublimation, 50, 53, 106 
Substance, change of, 6 
Succulent plants, 36 
Sugar, ix, 1, 16, 34, 35, 48, 
49, 89, 100, 167-8, 170, 

209, 219; brown, 100; 
-cane, ix; charcoal, 101 

Sulphate of ammonia, see 
Ammonium sulphate 
Sulphates, 22, 80, 88, 206, 
211 

Sulphides, 78, 258, 259 
Sulphites, 80, 202 
Sulphonamide drugs, 192 
Sulphur, ix, 1, 3, 5, 7, 10, 
30, 38, 43, 45, 46, 47, 50, 
53, 79, 80, 89, 98, 148, 151, 
171. 194, 200-2, 202, 204, 
270, 273; compounds, 200— 
14; crystalline forms of, 7; 
dioxide, 24, 38, 71, 78, 87, 
100, 101, 152, 202-7, 

210, 225, 273; extraction, 
200; occurrence, 200; tri- 
oxide, 71, 78, 204, 206-7; 
uses, 201-2 

Sulphuretted hydrogen, see 
Hydrogen sulphide 
Sulphuric acid, xv, 5, 36, 43, 
47, 52, 57, 58, 63, 66-7, 71, 
84, 89, 150, 152, 162, 167, 
177, 189, 190, 193, 200, 
202, 204-13, 218, 233-4. 

256; electrolysis, 221; 
manufacture, 206-8 
Sulphurous acid, 71, 78, 87, 
196 

Sunset, 89 

Sunshine, 33, 34, 35, 37, 38, 
104, 152, 173, 240 
Sunflower seeds, 179 
Superheated water, 2(X) 
Supernatant liquor, 16 
Superphosphate, 208 
Suspicious pools, 134 
Suspensions, 88 
Sussex, 119, 247 
Swamp vegetation, 151 
Sweat, 35, 166, 187, 232 
Sweden, 28. 220, 237, 248 
Sweets, 1, 167 
Symbols, 24, 77 
Synthesis, 34. 61, 66, 184 
Syrup tins, 20 
Syrupy liquid, 208 

T = ton 
Ta = tantalum 
Tablecloth, 214 
Tables, vi 
Tanks, 250 
Tank-wagons, 253 
Taps, 264 
Tap>-water, 136 
Tar, 69, 87, 97. 208; and see 
Coal tar 

Tarnishing, 73, 252, 260 


Tartaric acid, 135 
Taste, 2, 190 
Tax, 232 
Tb = terbium 
Tc = technetium 
r.C.P.. 238-9 
Te = tellurium 
Tea, 89 
Tea-chest, 255 
Teeth. 166, 170, 173 
Telephone cables, 254; ex¬ 
changes, 74 

Temperature, 2. 210, 249; 
chart, 3; ignition, 161; of 
body, 18 
Tempering, 250 
Temporary hardness, 138 
Tenacity, 244 
Terminals, 264 
Terylene, 172, 174 
Tests. 172 

Test-tube holder, 47 
Tetra-, 78 
Tetradecane, 159 
Tetracosane, 160 
Texas, xv. 200, 231 
Textiles, 259 
Th = thorium 
Thames, 183; -valley, 118 
Theory, 13, 82 
Therm, 149 
Thermite. 258 
Thermometers, 251, 258 
Thermostat. 264 
Thiocyanate, 252 
Thistle funnel. 60, 235 
Thread, 208 
Throat, 202 
Thunder-bolts, 93 
Thunder-storms. 87 
Ti = titanium 

Tin, 3, 45. 63. 208, 223, (228). 
244-5-6. 252, 256. 259, 261, 
263, 264 
Tin cans, 251 
Tincture, 168 
Tinplate, 204, 208 
Tinstone, 259 
Titanium, 250 
Tm = thulium 
TNT, 152. 195 
Tobacco tins, 95 
Toffee, 167 
Toluene, 150, 152 
Tomato, 173, 255 
Tonics, 252 

Tools. 21. 120, 245, 250 
Toothpaste, 120; tubes, 3 
Topping up. 209 
Torches, 260 
Tortoise stove, 142 
Town dwellers, 101 
Toy soldier, 255 
Toughness, 250 
Trace elements, 255 
Tractors, 158 
Tramps, 111 
Translucent paper, 169 
Transformer, 67 
Treacle tin, 146 
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Trees, 35, 56 
Tri-, 78 
Triangle, 3 

Trinitrotoluene (TNT), 195 
Tropical countries, 35, 255 
Truth, 15 
Tubers, 167 
Tuberculosis, 38 
Tummy trouble, 202 
Tungsten (Wolfram), 251 
Tunnelling, 191 
Tunnels, 210 
Turbines, 217, 228 
Turks and Caicos, 231 
Turpentine, 89, 101, 236 
Tuyeres, 248 

Type-metal, 256, 259, 264 
Tyres, 101 

U = uranium 
U-tube, 25 

Ultra-light alloys, 257 
Ultraviolet light, 37, 257 
Underclothing, 200 
Underground, 30 
Underground gasification, 

151 

United Kingdom, see Britain 
Untilled land, 183 
Uppsala, 220 
Uranium, 45 
Urals, 248 

U.S.A., 156, 200, 207, 224, 
228, 254, 259, 260 
U.S.S.R., 156 
Utah, 232 

V = vanadium 
Valency, 80, 157, 177, 221, 
274, 275 

Valor oil convector, 163-4 
Valves, 264 
Vanadium, 207 
Vaporising, 188; vapour 
trail, 77 

Vaseline ~ soft paraffin. 159, 
160 

Vegetables, 173 
Veins, 34 
Venezuela, 156 
Ventilation, 38 
Verdigris, 254, 262 
Verulamium, 122 
Vetches, 184 
Vinegar, 2, 56, 139, 177 
Vines, 209 
Viscose, 208, 225 


Vitality, 181 

Vitamins, x, 166, 172-3, 178 
Vitamin C, 170, 172-3, 203 
Vitamin D, 152, 166, 172-3, 
178 

Vitriol, see Sulphuric acid, 
208 

viz. = namely 
vol. = volume 
volatile, 52, 83 
volcanoes, 200 
Volumes of gases, 271 
Volta, 252 

Voltameter, 66, 218-19 
Volts, 217 
Vulcanisation, 202 

W = tungsten (Wolfram) 
Walls, 56 
Wartime, 191 
Wash-bottle, 234 
Washing of coal, 38, 50; 
soda (Na2C03), 4, 49, 56, 
78, 86, 93, 106, 130, 131, 
135, 189, 232, 252-3 {see 
also Sodium carbonate); 
-up, 131 

Wasp stings, 139 
Waste, 37 
Watch, 247 

Water, ix, xv, 1, 3, 18, 46, 49, 
61, 66, 78, 85, 93, 166, 172, 
185, 191, 246, 258, 269, 270, 
273, 274; is a compound, 
62; action on metals, 63-6; 
bath, 4; composition by 
volume, 68, 272; distilla¬ 
tion, 88; electrolysis of, 53, 
221, waterfalls, 228; for¬ 
mula of 79; gas, 69, 144,145, 
149; -glass, 123, 126; hard, 
120; impurities in, 86-7; 
in the atmosphere, 35-6; 
of crystallisation, 93; physi¬ 
cal properties, 62; pipes, 
250-1; power, 224; scrub¬ 
ber, 147; soft, 120, 121, 
254; sterilization, 239; syn¬ 
thesis, 61; tests for, 62; 
vapour, 12, 24, 28, 35, 49; 

Wax polish, 133; taper, 236 
Weak acids, 105 
Weather, 167 
Weathering of rocks, 117 
Weedkiller, 233, 238 
Weeds, 184 


Wehnnacht, 253 
Weighing, 268 
Weights, 6, 256 
Welding, 30, 257 
West Indies, 231 
Wetness, 2 
Wheat, 173, 183-4 
White paint, 134; vitriol, 57, 
211 

Whooping cough, 38 
Winchester quart bottle, 51i 
96, 239 
Wind, 117 
Windolene, 189 
Windows, 123 
Wire, 44, 250; -gauze, 50 
Wolff bottle, 60 
Wolfram == tungsten, 250 
Wood, 10, 32, 44, 78, 97, 
149-51, 244; ash, 130; 
charcoal, 100; distillation, 
97; gas, 156; pulp, 203, 
208-9, 232 

Wood’s metal, 261, 264 
Wookey Hole, 135 
Wool, 172, 174, 190, 203, 
237 

Worn surfaces, 223 
Wounds, healing of, 173 
Wrapping, 259 
Wt. — weight 

X-rays, 91, 98 
Xanthoproteic test, 172 
Xe = xenon, 31 

Yachts, 156 
Yb ytterbium 
Yeast, 107, 173, 175-6 
Yolk of eggs, 173 
Yorkshire, 130 
Yt = yttrium 

Zero, 3 

Zinc, 8, 45, 46, 58, 60, 62, 
63, 80, 190, 208, 225, 234, 
245-6, 251, 252, 259-60, 
263—4; blende, 259; chlor¬ 
ide, dust, 260; ores, 

225; oxide, 225; sulphate, 
57, 84, 211, 225; sulphide, 
225 

Zn = zinc 
Zr = zirconium 
Zymase, 176 
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OXYGEN 46 S% 


SILICON 27-6% 

ALUMINIUM 8-1% 

IRON 51% 

CALCIUM 3-6% 

rPOTASSIUM 2 5% 

MAGNESIUM 
2 - 1 % 




SULPHUR 06% 
> 

CARBON 09% 


These 6 add up to less than 
the magnesium alone 

.-^ 


All others present 
add up to 3’4 % 


MANGANESE 09% 
PHOSPHORUS 12% 



TITANIUM *60% 
HYDROGEN *14% 
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